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differentiation and programmed cell death (apoptosis), and thus, may be useful in the 
treatroent and prevention of a variety of cancerous and pre-cancerous conditions, such 
as acute promyleocytic leukemia (APL), epitheKal cancers, squamous cell carcinomas, 
including cervical and skin cancers and renal cell carcinoma. Furthermore, retinoids 
may have beneficial activity in treating and preventing diseases of the eye, 
cardiovascular disease and skin disorders. 

Major insight into flie moliecular mechanism of retinoic acid signal transduction 
was gained in 1988, when a member of the steroid/thyroid hormone intracellular 
receptor; superfanaijy was shown to transduce a retinoic acid sigmd. V. Giguere et aL, 
Nature, 330:624-29 (1987); M. Petkovich er a/., Afeftire, 330: 444-50 (1987); for a 
review, s^RM. Evans, Science. 240:889-95 (1988). It is now known that retiribids 
regulate the acti vity of two distinct mtracellular receptor subfamilies: the Retinoic Add 
Recq)tors (RARs) and the R^inoid X Receptors (RXRs), inchidiiig their subtypes, 
RARo, P, y and RXRa, P, y. All-zrow-retindic acid (ATRA) is an atidogenous low- 
molecular-weight ligand tiiat modulates the transcriptional activity of the KARs, while 
9-c£y retinoic add (9'Cis) is tfie endogenous Kgarid for flie RXRs. RA. Heyihan et at^ 
Cell, 68:397-406 (1992); and AJl. Levin er al^ Nature, 355:^59-61 (1992). 

Altiiough both the RARs and R^bls respond to Al^RA in vm>, due td the invHfO 
conversion of some of the ATRA to 9-c£y, the receptors diflFcr in several important 
aspects. First, the RARs and RXRs are significantiy divergent in primary structure 
(e,g.. the ligand binding domains of RARa and kXRa have only approximately 30% 
amino acid homology). These structural differences are reflected in the different 
relative degrees of responsiveness of RARs and RXRs to various vitamin A metabolites 
and synthetic retinoids. Jn addition, distinctly differCTt patterns of tissue distribution • 
are seen for RARs and RXRs. For example, RXRa mRNA is expressed at high levels 
in the visceral tissues, e.g., Kver, kidney, lung, muscle mi intestine, ^le RARa 
mRNA is not. Finally, flie RARs and RXRs have different target gene specificity. In 
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this regard, RARs and RXRs regulate transcription by binding to response elements in 
target genes that generally consist of two direct repeat half-sites of the consensus 
sequence AGGTCA. RAR:RXR heterodimers activate transcription ligand by binding 
to direct repeats spaced by five base pairs (a DR5) or by two base pairs (a DR2). 
5 However, RXR.RXR homodimers bind to a direct repeat with a spacing of one 
nucleotide (a DRl). DJ. Mangelsdorf al., "The Retinoid Receptors" in The 
Retinoids: Biology. Chemistry and Medicine, M.B. Spom, A.B. Roberts and D.S. 
Goodman, Eds., Raven Press, New York, NY, 2nd Edition (1994). For example, 
response elements have been identified in the cellular retinal binding protein type H 
10 (CRBPU), which consists ofa DRl, and in ApolipopioteinAI genes that confer 

responsiveness to RXR. but not to RAR. Further^ RAR has also been shown to repress 
RXR-mediated activation through the CRBPII RXR response element (D.J. 
Manglesdoif etaL, Cell, 66:555-61 (1991)): Also, RAR specific target genes have been 
identified, including target genes specific forRARp (e.g.. PRE), that consist of aDR5. 

15 These data indicate that two retinoic acid responsive pathways are not simply 
redundant, but instead manifest a complex interplay. 

RXR agonists in the context of an RXR:RXR homodimer display unique 
transcriptional activity in contrast to the activity of the same compounds through an 
RXR heterodimer. Activation of a RXR homodimer is a ligand dependent event, i.e., 
20 the RXR agonist must be present to bring about the activation of the RXR homodimer. 
In contrast, RXR woiking through a heterodimer (e.g.. RXRrRAR, RXR:VDR) is often 
the silent partner, i.e., no RXR agonist will activate the RXR-containing heterodimer 
without the corresponding ligand for the heterodimeric partner. However, for' other 
heterodimers. (e.g.. PPAR:RXR) a ligand for either or both of the heterodimer partners 
25 can activate the heterodimeric complex. Furthennore, in some instances, the presence 
of both an RXR agonist and the agonist for the other heterodimeric partner (e.g.. 
gemfibrizol for PPARa and TTNPB for RARa) leads to at least an additive, and often a 



SUBSTITUTE SHEET (RULE 26) 



wo 01/19770 



PCT/DSOO/^76 



015110.<)092.UTL 

synergistic enhancement of the activation pathway of the other TR of the heterodima" 
pair (e.g.. the PPARa pathway). See e.g.. WO 94/1 5902, published July 21,1 994; R. 
Mukherjee et al., J. Siteroid Biochem. Molec. BioL, 51 :157-166 (1994); and L. Jow and 
R. Mukherjee, / Biol. Chem., 270:3836-40 (1 995). 
5 RAR and RXR retinoid agonists, including both RAR specific and KXR specific 

agonists have been previously identified. See e.g.. WO 94/15902, WO 93/2 1 146, WO 
94/15901, WO 94/12880, WO 94/17796, WO 94/20093, WO 96/05165 and Appliciation 
No. PCT/6S93/I01 66; EPO PatOTt Af)pTication Nos. 871 103032, 8730968 1 .2 and EP 
0718285; U.S. Patent Nos. 4,1 93,931, 4,539,134, 4,801,733, 4,831,052, 4,833,240, 
10 4,874,747. 4,879,284, 4.898,864, 4.925,979. 5,004,736, 5,124, 473, 5,198367, 

5,39i,56i? and Re 3ii,533; and H. K^hiKa et al, *iletinobeTizo1c Aads. 2. Structure- 
Activity RelatioBBshn) of CaialTOne-4-cart)dxyKc'Acids and'navonei4*-aMl>ox)^ic 
Adds", Jiked. ChemJ, 32:^34 (1989); It Kagechika er aL, Tietiridl>en2»ic Adds. 3. 
Structore-Activjty Reiation^ps of Retinovdal Azbbenzeine^4-<^i6b3iyUc' Ac^ and 
15 sWmei^iUaiboxylic Aa^,J. Med. Chak^ 32:1 098 (1989); H. K^gieclnlca e/ ai, 
'^etinobenzoic Adds. 4. Confonnatum of Aromatic Amides wi& Re^oidai Activity, 
hnpoitance of mDW-Amide Structure fdr the Activity**, J. Med. Chem., 32:2292 (1989); 
M. Bodim etaL,J. Med. Otem.. 37:2930 (1994); M. Bodmff et a/., Med, CKan., 
38:3146 (1995); E. Allegretto et al.. Journal of Biol. Chem., 270:23906 (1995); R. 
20 Bissonnettee/a/.,M>/. & Cellular Bio., 15:5576 (l995),R.BesrdetaL, J. Med. Chem., 
38:2820 (1995); and M.I. Dawson etal., "Effect of Structural Modifications in the C7- 
Cl 1 Region of flie Retinoid Skeleton on Biological Activity in a Series of Aromatic 
Retinoids", J. Med. Chem., 32:1504 (1989). 

Furtha-, antagonists to the RAR subfamily of receptors have been id^tified. 
25 See e.g., C. Apfd ei al, Proc. Natl Acad. Sci., 89:7129 (1992); S. Kddel et gl., Mol 
Cell BioL, 14:287 (1994); S. Kanekoe? oi. Med. Chem. Res., 1:220 (1991); L. EyroUes 
etal, Med. Chem. Res., 2:361 (1992); J. EyroUes et aL. J. Med. Chem., 37:1508 (1994); 
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M-0 Lee etai, Proc. Natl, Acad. Sci., 91:5632 (1994); Yoshimura et al., J Med. 
Chem., 38:3163 (1995); and US. Patent No. 5.391,766. In addition, various polyene 
compounds have been disclosed to be useful in the treatment of inflammatory 
conditions, psoriasis, alleigic reactions, and for use in sunscreens in cosmetic 
preparations. See e.^., U.S. Patent Nos. 4.534.979 and 5.320.833. Also, trienediolates 
of hexadienoic acids have proved useful in the synthesis of retinoic and nor-rctinoic 
acids.. See M J. Aurell, e/ a/.. ref/-aAafro«, 49:6089 (1993). 

Compounds have also been found that are RXR antagonist (e.^., that bind to 
lOa and do not activate, but antagonize transcription) and/or lOT select,^^^ 
compounds that have distinct heterodimer selective properties, such that they are 
capable of manifesting agomst. partial agonist and antagonist properties. See WO 
97/12853. published April 10. 1997. RXR agomsts compounds which have been 
Identified so far have exhibited significant therapeutic utility, but they have also 
exhibited some undesirable side effects, such as elevation of triglycerides and 
suppression of the thjroid hormone axis isee. e.g.. Shennan, S.I. ^ a/.. N. Engl J Med 
340(14):mS-\019i\999). 

The entire disclosures of the publications and references referenced to above and 
hereafter m this specification are incorporated herein by reference. 



5 



SUBSTITUTE SHEET (RULE 26) 



wo 01/19770 PCTAJSOO/25476 



Sammarv of the Ipveption 
The present invention provides a novel class of RXR modulator compounds 
having the stiuctore: 




5 1 la 

wherein 

' R ■ is selected from the gx>up of hydrogen, F, Cl^ Br, I, C1-C3 allgd, C j -C3 

haloalkyl. C2-C3 aflcenyi, C2-C3 haloalkenyl, C2-C3 alkynyl, C2-C3 haloalkynyt and d- 

10 C3 aHcoxy, wherein said aDcyl^ haloalkyl, alkenyl, haloalkeriyl, alkynyl, haloalkynyl, and 

alkoxy groups may be optionally substituted; 

and R^ are independently selected from the grovp of hydrogen, NR'^' \ Cr 

Ce allcyl, Cj-Ce haloalkyi, Cs-Cg cycloalkyi, Ct-Q aBcenjd, Ci-Ce haloalkenyl, Gr-Q 

alkynyl, Cz-Ce haloalkynyl, aiyl, heteroaiyl, Ci-Ce alkoxy, and aryloxy, wherein said 

15 alkyl, haloalkyi, cycloalkyi, alkmyl, haloalkenyl, alkynyl, haloaDcynyl, aryl, heteroaiyl, 

alkoxy, aiyloxy groups may be optionally ^bstituted; 

R^ is selected from the group of hydrogen, Cj-Ce alkyl, CrCs haloalkyi, C3-C8 
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cycloalkyi, C,-Q alkenyl, Q-Q haloalkenyl, C.-C, alkjo^yl, Q-C^ haloalkynyl. aryl 
heteroaryl. C,-Q alkoxy. and aiyloxy. wherein said alkyl. haloalkyl. cycloalkyi 
alkenyl. haloalkenyl. alkynyl. haloalk>«yl. aiyl. heteroaryl. alkoxy. aryloxy groups may 

be optionaJly substituted; 

5 and R** are independently selected from the group of hydrogen. F. CI Br I 

CN, NH. OH. SH. C.-Q alkyl. Q^, haloalkyl. alkenyl. C,-C. haloalkenyl. C.- 
Q alkoxy. and aryloxy wherein said alkyl. haloalkyl. alkenyl. haloalkenyl. alkoxy and 
aiyloxy groups may be optionaUy substituted; or 

^^^5t!^^Bn^g§aer form a fliree- to eight-membered ^^^^^ng a 
.0 fl^ .„ eigh,.„c„b^ Hc^nc ring, an ^ group or a hceroa^, gro„p. 

mi caAocj^lic ring. h««ooy.lic ring. ^ and heteroaryl groups may be optionally 
substituted; 

selected fix>m the group of Q-Q alkyl. C,-Q alkenyl, and Q-Q haloalkyl 
wherein said alkyl. alkenyl. and haloalkyl groups may be optionally substituted; 
15 R" is selected fiom the group of hydrogen, F, CI, Br. I. CN. C.-Q alkyl C.-Q 

haloalkyl. Q-C. alkenyl, C.-Q haloalkenyl. C,-C, alkynyl. C.-Q alkoxy. and Iryloxy 
wherein said alkyl. haloalkyl. alkenyl. haloalkenyl. alkynyl. alkoxy. and aryloxy groupl 
may be optionally substituted; 

R' is selected from the group of hydrogen. F. CI. Br. I. methyl, and optionally 
20 substituted methyl; 



alkyl; or 



R'" and R" each independently is hydrogen or optionaUy substituted C,-C6 



R'° and R" taken together with nitrogen form an optionally substituted five- or 
six-membered heterocyclic ring; 

25 Y is selected from the group ofNR",0 and S; 

R'' is selected fiom the group of hydrogen, optionally substituted C.-C^ alkyl. 
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and optionally substituted Ci-Ce lialoalkjl; and 
phaimac^cally acc^table salts thereof 

Compounds of the present invention exhibit an improved pharmacologic profile 
relative to flie profile of previously studied RXH modulators, including those that share 
5 common structural features with the presently disclosed modulator compounds. The 
present inventidn also provides synthetic methods for prq^aring these compoimds as 
well as phamiaceutical compositibns incorporating these novel compoimds and methods 
for the ther^eutic use of such compounds and pharmaceutical craipositibns. 

These arid various other advantages and features of novelty that characterize the 
1 0 invention are pbiiited out with particularity in the claims aimexed hereto and forming a 
part hereof. However, for a better understanding of the ihveiition, its advantages^ and 
objects obtained by its use, refererice should be had to the aax>nipanying descriptive 
liytter, in which there is descnbed prefeirtd embbdiih iztvendonl 

Petailed DescripiSdn oT thelDvebtioii 
15 The present invention is based on the discovery of a group of compounds that 

modulate the activity of the RXR recq>tor a^ unexpectedly exhibit a significantly 
improved pharmacologic profile. This new group of compounds does not exhibit the 
undesirable side eiTects of substantially raising triglyceride levels and substantially 
suppressing thyroid hormone axis, wbich have been associated with previously 
20 characterized RXR modulators. 

In accordance with the present invention and as used herein, tiie ibllowing tenns 
are defined with the following meanings, unless explicitly stated otherwise. 

The term "alkyl'*, alone or iri conibination, refers to a straight-chain or branched- 
chain alkyl radical having &om 1 to about 1 0 carbon atoms. Examples of alkyl radical 
25 include methyl, eth>4, n-propyl, isoprop)1, n-butyl, isobutyl, sec-butyl, tert-butyl, tert- 
amy], pentyl, h«yl, heptyl, octyl and die like. 
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The tem "aUcenyl", alone or in combination, refers to a straight-chain or 
branchedsjhain hydrocaibon radical having one or more caiton^aibon double-bonds 
and having from 2 to about 18 carbon atoms. Examples of alkenyl radicals include 
ethenyl, propenyl, 1,4-butadienyl and the like. 

5 The temi"alkynyr, alone or in combination, refers to a straight-chain or 

branched-chain hydrocarbon radical having one or more carbon-caibon triple-bonds and 
having from 2 to about 10 carbon atoms. Examples of alkynyl radicals include ethynyl, 
propynyl, butynyl and the like. 

The term "aryl", alone or in combination, refers to an optionally substituted 
10 aromatic ring. The temi aryl includes monocyclic aromatic rings, polyaromatic rings 
and polycyclic ring systems. The polyaromatic and polycyclic rings systems may 
contain from two to four, more preferably two to three, and most preferably two rings. 
Preferred aryl groups include five or six-membered aromatic ring systems. Examples of 
aryl groups include, without limitation, phenyl, biphenyl, naphthyl and anthiyl ring 
systems. Preferably the aryl groups of the present invention contain fiom five to about 
twenty carbon atoms. 

The term "alkoxy", alone or in combination, refers to an alkyl ether radical 
wherein the term alkyl is defined as above. Examples of alkoxy radicals include 
metfioxy. ethoxy, n-propoxy, isopropoxy. n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy 
20 and the like. . 

The term "aryloxy", alone or in combination, refers to an aryl ether radical 
wherein the term aryl is defined as above. Examples of aryloxy radicals include 
phenoxy, benyloxy and the like. 

The term "cycloalkyr, alone or in combination, refers to a saturated or partially 
saturated monocyclic, bicyclic or tricyclic alkyl radical wherein each cyclic moiety has 
about 3 to about 8 carbon atoms. Examples of cycloalkyl radicals include cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl and the like. 
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. the teiin "aralky]" alone or in combinatibn, refer^ to ah aDcyl radjcal as defihed 
above in which one hydrogen atom is replaced by an aryl radical as defined ^ove, such 
as, for example, ben2yl, 2-phenylethyl aiid the like. 

The terms alkyl, alkenyl and alkynyl include straight-chain, bianched-chain, 
5 saturated and/or unsaturated structures, and combinations thereof. 

The terms haloaDcyl, haloaBcenyl and haloallrynyl include alkyl, alkenyl and 
alkynyl structures, as described above, that are substituted with one or more fluorines, 
chlorines, bromines or iodines, or with combihatiohii theareof. 

The terms cycloaDcy! and cycloalkerie include optionally substituted, saturated 
) and/or unsaturated C5-C7 carbocyclic structii^ 

TCe tenm c^cloalky^ aiUyl, aiyl, arylalkyl, lieterparyl, alls^yl, and alkenyl 
include optionally sui>stituted cycloalkyl, ailyl, aryl, aiylalkyl, heteroaiyl, alkynyl, and 
alkdiiyJ groin's. 

The term carbocycle includes qptionally siibstitutfed, saturated anii/or 
misai^ated, tiuiee- to se^^eh-meanbered cyclic stroctiiin^ wlncli all bftfae dceletal 
atoms ate csorbon. 

Hie tenn heterocycle includes optionaUy substituted, saturated ^d/or 
unsaturated, tixree- to seven-m^bered cyclic structures in winch dncTor mbre skel^ 
atoms is; oxygc^ ilhrogen, sulftoiv or combinations hereof. 

The teirm '%etdx)aiyr refers to (^tiohally 
having one or rbore beteroatoms such as, for example, oxygien, nitrogen and sulfbf. The 
teriii hetonbaryl niay include five- or six-membered heltoocyclic rings, polycyclic 
heteioaromatic ring systems, arid poI}^eteroaroThatic ring syst^ns where tiie ring 
system has from two to four, more preferably twb to three, arid most preferably two, 
rings. The terms heterocyclic, polycyclic heteroaiDmatic, and polyheteroarornatic 
include ring systans containing optionally substituted heteroaromatic rings having more 
than one heteroatom as described above (e.g.j a six membered ring with two nitrogens), 

10 
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. including polyheterocyclic ring systems from two to four, more preferably two to three, 
and most preferably two, rings. The term heteroaiyl includes ring systems such as, for 
example, pyridine, quinoline, fiiran, thiophene, pyrrole, pyrrolidine, piperidine, indole, 
imidazole, thiazole, benzthiazole, triazole and pyrazole. Preferably the heteroaryl 
5 groups of the present invention contain fiom about five to about 20 skeletal ring atoms. 
The temi acyl includes alkyl, aryl. heteroaryl, arylallcyl or heteioaiylalkyl 
substituents attached to a compound via a carbonyl fimctionaUty {e.g.. -CO-alkyl, -CO- 
aryl, -C0-arylalk>1 or heteroarylalkji c/c...). 

The substituents of an "optionally substituted" structure may include, without 
10 limitation, one or more . preferably one to four, and more preferably one to two of the 
following preferred substituents: alkyl. alkenyl, alkynyl, aiyl. heteroaryl, alkoxy, 
aryloxy, alkylthio. arylthio, cycloalkyl. arylalkyl, amino, alkylaminp, dialkylamino, F, 
CI. Br, I. CN, NO2. NH2, NHCH3. N(CH3)2, S, SH, SCH3, OH, OCH3, OCF3. CH3, CF3. 
The term halogen refers to F, CI, Br or I. 
15 Protecting groups that may be used in the present invention include those that 

are commonly krioAvn to those skilled in the art, such groups include, but are not hmited 
to, TBDMS, TBS, and BNZ. 

RXR refers to RXRa, RXRp, RXRy and combinations thereof. 
PPAR refers to PPARa, PPARp. PPARyl, PPARr2 and combinations thereof. 
The term RXR modulator compound refers to a compound that binds to one or 
more Retinoid X Receptors and modulates (/.&, increases or decreases the 
transcriptional activity and/or biological properties of the given receptor dimer) the 
transcriptional activity of an RXR homodimer (/.e.. RXRJOCR) and/or RXR in the 
context of a heteiodimer, including but not limited to heteiodimer formation with 
25 peroxisome prohferator activated receptors {e.g.. RXR:PPARa,p,yl or y2). thyroid 
receptors {eg., RXRrTRa or P), vitamin D receptors (e.g.. RXRrVDR). retinoic acid 
receptors {e.g.. RXRrRARa.ft or y), NGFIB receptors {e.g., RXR:NGFIB), NURRl 

11 
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receptois ie.g., RXRrNURRl) UCR rotors (e.^.. I«R:LXlia,)PX DAX refceptors 
(€,g., RXR:DAX), as well as oAer orphan receptors ftat form heterodimcrs with RXR, 
as either an agonist, partial agonist and/or antagonist. The particidar effect of ian RXR 
modxilator as an agonist, partial agom^ and/or antagonist will depend upon the cellular 
5 context as well as the heterodimer partner in which the modulator coii^ounds acts. 

Compounds of the present invention that do not substantially raise triglyceride 
levels do not riaise triglyceride levels by more than 50% in individuals having nonnal 
triglyceride plasma levels when sudi compounds are administered to such individuals in 
a pharmaceutically effective amount Preferably, ^ch compounds db not raise 
10 triglyceride levels by more thaii25%. More preferably, such compounds do not raise 
triglyceride levels hy more than 1 5%. Most preferably, siicH compounds decrease 
tri^yceride levels when administered to such individuals iii a pharmaceutically 
effective amount 

Compounds of fee present invention that do not substantially suppress thyroid 
15 hormone axis do not decrease T4 levels in flie blood by more than 50% in individuals 
having normal T4 levels when such conq>ounds are admiisistered to such individuals in 
a pharmaceutically effective amount Preferably, such cornpounds do not decrease T4 
levels in fee blood by more than 25%. More preferably, such compounds do hot 
decrease T4 levels in fee blood by more fean 15%. Most prefaably, compounds of fee 
20 present invention do not substantially increase or decrease T4 levels in fee blood. 

As used herein, fee tenm disease includes, but is not limited to, sywirome X, 
N3DDM, diabetes, obesity, and cardiovascular disease. 

As vscd herein, persons at risk for developing a disease condition are feose who 
have one or more, preferably two or more risk factors for developing sudi a disease. 
25 Such risk fectors include, but are not limited to, insuKn resistance, obesity, 
byperhpidemia, hypercholesterolemia, and hypertension. 

12 
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In accordance with a first aspect of the present invention, we have developed 
compounds of the formulae: 



HO2C, 



9 

















X 




1 X 




6 






or 






^OR^ 




Y^OR^ 




R^ 






R^ 




1 


and 




la 



wherein 

R' is selected torn the group of hydrogen, F, CI, Br, I, C1-C3 alkyi, €,-€3 
haloalkyl, C2-C3 alkenyl, C2-C3 haloalkenyl, C2-C3 aDcynyl, C2-C3 haloalkynyl, and C,- 
C3 alkoxy, wherein said alkyl. haloalkyl. alkenyl. haloalkenyl. alkynyl, haloalkynyl, and 
alkoxy groups may be optionally substituted; 

2 4 

R and R are independenfly selected fiom the group of hydrogen, NR'°R' Ci- 
Ce alkyl, C-Cs haloalkyl, C3-C8 cycloalkyl, Cj-Ce alkenyl. Ca-Ce haloalkenyl, C2-C6 
alkynyl, C2-C6 haloalkynyl, aryl, heteroaryl, C-Q alkoxy. and aryloxy. wherein said 
alkyl, haloalkyl. cycloalkyl. alkenyl. haloalkenyl, alkynyl, haloalkynyl, aryl, heteroaryl. 
alkoxy, aryloxy groups may be optionally substituted; 

R' is selected from the group of hydrogen. C-Q alkyl, C-Cg haloalkyl. C3-C8 
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cycloaDcyl, Cj-Ce aDcenyl, Cz-Ce halbalkenyl, C2-C6 aDcynyl, Cz-Q haloalkynyU aiyl, 
hetaxjaryi, Ci-Q alkoxy, and aryloxy, wherein said alkyl, haloalkyl, cycloalkyl, 
alkenyl, haloalkenyl, allcynyl, haloaDcynyl, aiyl, heterbaryl, alkbxy, aryloxy groups may 
be optionally substituted; 
5 and are? independently selected from flie gcoup of hydrogen, F, CI, Br, I, 

CN, NH2, OH, SH, CrCe alkyl, Ci-Ce haloalkyl, C^Ce alkcnyl, Ci-Cs haloalkenyl, Cr 
Ce alkoxy, and aiyloxy wherein said alkyl, haloalkyl, alkenyl, haloalken^ alkoxy and- 
aryloxy groins may be optionally 5ifl>stituted; or 

R^ and R^ taken together fomi a three- to eight-membered caibocyclic ring, a 
1 0 tibree- to eight-mCTb^ed heterocyclic ring, an aiyl groi:^ or a heteroaryl group, wherein 
said carbocyclic ring, heteiocyclic ring, aryl and heteroaryl grocps may be optionally 
substituted; 

R^ is selected from thCr^iq? of C2-C6 alkyl, C2-C6 alkenyl, and CrQs haloalkji, 
wherein said alkyt alkenyl, and haloalkyl groups may be optionally substituted; 
15 R^ is selected from the group of hycfrogen, F, CI, Br. I, CN, CrCe alkyl, Ci-Q 

haloalkyl, C2-C6 alkenyl, Cz^Ifi haloalkenyl C2<:6 allgaiy 

wherem said alkyl, haloalkyl, alken)d, haloalkenyl; aDcynyl, alkoxy, and aiyloxy groups 
may be optionally substituted; 

R^ is selected from fte group of hydrogen, F, CI, Br, I, methyl, and optionaDy 
20 substituted methyl; 

R^^ and R' ' each indq>endently is hydrogen or optionally substituted Ci-Cs 
alkyl; or 

R'^ and R" taken together with nitrogen form an optionally substituted five- or 
six-membered heterocych'c ring; 
25 Y is selected from the group ofNR^^O and S; 

R'^ is selected from the group of hydrogen, optionally substituted Ci-Ce alkyl, 
and optionally substituted Ci-Q haloalkyl; and 
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phaimaceutically acceptable salts thereof. 

In one embodiment, the present invention provides a method for preparing 
compounds of foimula 1 using a coumarin intennediate. Such a method includes 
treating a coumarin intermediate of structural fonnula 4: 



1 r5 




(4) 



with a reducing agent to fonn a diol of structwal foimula 7: 




(7); 



wherein R', R^. R^, r4 r5 and R« are as previously defined. Preferably, such a method 
ftoher includes the step of selectively alkylating the phenol oxygen of tfie diol of 
structural fomiula 7 with R'x in the presence of a base to fonn a primaiy allylic alcohol 
of structural fonnula 8: 
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treating the allylic alcohol of structural fbimula 8 with an oxidant to foxm sai aldehyde 
of structuzal foimula 9: 




treating the aldehyde of structural fonnula 9 with a phdsphonate of structural formula 




suBsrrruTE sheet (rule 26) 



to fonii an ester of formula 1-E: 




and hydrolyzing the ester, 1-E; wherein R", R^, R^ r^ r', r7^ r8^ and R' are as 
previously defined. Preferably, R- and R"" each independently is methyl, ethyl or iso 
prop>1. 

In another embodiment, the present invention provides a method for prqjaring 
compounds of formula 1, which includes the stqis of treating alkoxyarylhalide 12 




(12) 
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wjA a trialkyl borate and a base under Pd-catalysis to fonn a compound of slractural 
fonnula 14 




treating a compound of sUiictural femala 14 wth a compound of stnictuial fomiula 15: 



A 



(15). 



to foim a compound of structural fonnula 16 




;en or 
areas 



wherein A is COOR' or COP^, is a protecting group, R and R' each is hydrt>g( 
all^d; X" and each indepoideotly is halogen; and R', R^, R^, r\ r^, r* and R' 

previously defined, hi ftis embodimait, it is preferred where R is hydrogen and R' is 

mefiiylor^hyl. 

In yet anofter embodiment, die presoit invention provides a method for 
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preparing compounds of fonnula 1, which includes the steps of treating a ketone of 
structural formula VI: 




(VI) 

with a phosphonate of structural fonnula 10b: 



{R"'0)2pLA 



(10b) 



wherein R'" and R"" each independently is alkyl or aryl and R', R^, R^, r'^ r6^ r7^ 
R^ and R' are as previously defined. In this embodiment, it is piefen«d where R' is 
halogen, most preferably F. 

In still another embodiment, the present invention provides a method for 
preparing a compound of structural formula lb: 
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with sodium azide to foim a triazole of fonnula 11: 
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wherein R" is Cj-Ce alkyl and R', R^, R^ r^, rS^ r6^ j^, R\ and R' are as previously 
defined. 

In yet another embodiment, the present invention provides a method for 
preparing a compound of structuia] fonnula la: 

O 

H 











Y^Re 
T 




|-^R5 


OR^ 


R* 


la 



which includes the steps of 

(a) treating an arylboronic acid of structural fonnula I: 



B(0H)2 




(D 
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15 



witii a compound of structural fonnula XI: 




pa) 



5 to fdnn a compound of structure fonnula II: 




20, 



6 ♦'^'^»'^»^'^.^»R,.R,R ,andYareasprevious]y 

defeed In fliis ^bodiment Y is prefef^Iy NR". 

' '^'^''^^^'S^^'sincludehy 

bpfiobaliy substituted C,-C3 haloaDcyl. M^^^ / 
R^f^ R^ groins include NR't^". c,^:^ alky; C,-Q haloalkyl, C,^ 
cyctoaflcyl. aiyl and heteroarKl, wherein the aDcyl, haloalkyl, cycIoaBcyl. aiyl, and 
fieteroaryl groups are optionally substituted. More prefen-ed groiq,s include C-Q 
alkyl. C,-C6 haloalkyl. and aiyl. Most preferably is optionally substituted Q-Ck 
alky; such as, for exaniple. ethyl, isevpit^yl. ,ert-butyl. and /ert-amy^ 

Preferred R^ groins include hydrogen, optionafly substituted C, allbd. and 
optionally substituted C.-Q haloalkyl. Most prefei^bly. R^s hydrogen. 

Prefened R^ groups include NR"^". C-Q alkyl. C,^ haloalkyl, CrC, 
cycIoaDcyl. aiyl and heteroaryl, wherem the alkyl, haloalkjd, cycloalkyi, aiyl, and 
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heteroaryl groups are optionally substituted. More preferred R^* groups include C-Cj 
alky], C-Cfi haloalkyl. and aryl. Most preferably R* is NR">R' ' or optionally 
substituted C,-C6 alkyl. such as. for example, «o-propyl. /m-butyl. and /m-amyl. 
Preferred groups include hydrogen. F. CI, Br. I, and optionally substituted 
5 C1-C4 alkyl. Also prefeired are compounds of formulae 1 and la where R' is taken 
with R' to form a five- to six-membered carbocyclic, a five- to six-membered 
heterocyclic ring, an aryl group or a heteroaryl group, wherein the carbocyclic, 
heterocyclic, aryl and heteroaryl groups are optionally substituted. More preferably R^ 
is optionally substituted C,-C4 alkyl or is taken together with R« to form a five- to six- 
10 membered carbocyclic. a five- to six-membered heterocyclic ring, an aryl group or a 
heteroaryl group, wherein the carbocyclic. heterocyclic, aryl and heteroaryl groups are 
optionally substituted. 

Preferred R« groups include hydrogen, F, CI. Br. I. and optionally substituted 
C-Q alkyl. More preferably, R« is hydrogen or is taken together with to form a 
five- to six-membered carbocyclic. a five- to six-membered heterocyclic ring, an aryl 
group or a heteroaryl group, wherein the carbocyclic. heterocyclic, aryl and heteroaryl 
groups are optionally substituted. 

Preferred R' groups include C2-C5 alkyl and C2.C3 haloalkyl, wherein the alkyl, 
and haloalkyl groups are optionaUy substituted. More preferably R' is optionally 
20 substituted C2-C5 haloalkyl. 

Preferred R" groups include hydrogen, F, C.-Q aflcyl, and C.-Cs haloalkyl. 
wherein the alkyl and haloalkyl groups are optionally substituted. More preferably R« is 
hydrogen. 

Preferred R» groups include hydrogen and halogen. More preferably R' is 
25 hydrogen. 
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IVefffr«l R'» grbaps include hydmgen and optionaUy substituted C.-Cs alkyl 

AIsopr^«,cdi.R'03i,dR"takcbwithnit„>ge„toibnnafi^^^ 
heterocycBc ring. 

fttfartdR" g«„ps taM h)*„scn opfionaHy substtated C-Q ^ 
PttferedYgmupsmcIWeNR'VoorS. MorepnrfinJ>Iy YfeNR". 
IWHi^d R" groups include h>feia, and optionaiiiy iaiKdIu 

iyiogc^ opSonafly sui^Med C.C, aOH aid optfonaliyaaMed C,-G 
cyoloalW. »o4 and hcten^yl said attyl fc^^ 

hTOsrolps a« opti™aII5.^i«,-toed; R^fe ,^»ayrib*tt6a C,-Ci dW; R' 
.sopd<mrily»bataWCK:5alfc>i««jR^sS5*ogaoria^ • 

ofi,*c,ga,„ptf«Mysub«ittid«^ 

i^oaO^; R'. R'. and k'^ ioj^p.^ ^ ^ 

op^y snb»™«,C,<i.M. C^i^oni^tRC R' 

cad, »d^p=„d«ay tf tf^^ ^ G,:Cihafeuty,. c,<i 

' '~"04«K.hc«^„K=^aaid.B^i*«kyt^,^_^^ 
g™^ a.. opdnMy substi««id: R' is cpti,^ 
«opn«,aIly«»«^CH:,jaIodkrt«dR»isi^ 

toya anoIherprcinrM mbwtaoM of tbeinvtndon. Ri. r3 R. 

Cd»l«Ulyl CrQ cy*^ aol and i,eten,a^ „ 

cyctealkyl aod «rf i«aoa:y, ^ R» „kJ R' aha 

•ogrtbcrfem. . flv^ six.aanb»ed cart«^Bc ring, a five- „ aix.n«nl««i 
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heterocyclic ring, an aryl group or a heteroaryl gioup. wherein said carbocyclic ring 
heterocydic ring, aryl and heteroaryl groups are optionally substituted; and is 
optionally substituted C2-Cs alkyl. 

In still another prefeired embodiment of the invention, R». R\ R« and R' are 
hydrogen; and each independentiy is selected from the group of C,-Q alkyl C,- 
Q haloalkyl, €3^ cycloalkyl. aryl and heteroaryl, wherein alkyl. haloalkyl. cycloalkyl 
aryl and heteroaryl; R^ and R« taken together form a five- to six-membered carbocycUc ' 
nng. a five- to six-membered heterocyclic ring, an aryl group or a heteroaryl group 
wherein said carbocyclic ring, heterocyclic ring, aryl and heteroaryl groups are 
optionally substituted; and R' is optionally substituted C2-C5 haloalkyl. 

The compounds of fbnnulae 1 and la represent a novel gn>up of compounds 
RXR modulator compounds that have insulin sensitizing activity, but do not 
substantially suppress the thyroid axis and do not substantially elevate triglycerides. 
These compounds are heterodimer selective modulatory of RXR activity. They bind to 
RXR witi, high affinity (Ki<20 nM) and produce potent activation of the RXR J>PARy 
heterodimer. but preferably do not activate the RXR:RAR heterodimer. TMs activation 
of PPARy m vitro is contemplated to be a major detemiinant of the antidiabetic efficacy 
of the compounds in vivo. 

In a conventional cell-based co-transfection assay, the compounds of the 
invention act as partial agonists with respect to RXR homodimeis and, together with 
PPAR modulators such as BRL, synergistically activate RXR:PPAR heterodimers Li 
contrast to their effect upon RXRrPPAR heterodimers. the compounds of the present 
mventron do not sigm'ficantly activate RXR:RAR heterodimers and in fact exhibit 
substantial RXR:RAR antagonist activity. In animal models of diabetes, such as the 
db/db mouse, the Sprague-Dawley rat and the ZDF rat. these compounds have been 
shown to regulate glucose and triglyceride levels, hi contrast to previously 
characterized retinoids, these compounds are also contemplated to be non-teratogenic. 
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Applicants have discovered that one feature for acWeving 
coinpomKis v«th the desired activity is the length of the caAon chain at the Reposition. 
Theprefe^IengthojthecartKmchainatthisporitionis^^ l^e 

niost p^ferred or optimal lerigth of the caibon chain within this range of 2 to 5 carixa^ 

will v^, dq,^g i^onthe q«dfic substitutions 

Fonriula 1 or in Fbnnula la. By varying the length of flie caHxM, chain at t^e 
position, the substitu^ts ai R^ and and testing for desired activity, the phrfened 
^hain length for any si«cificcc«5K,midw^^ 
detennined 

Table 1 shows a comp^'son of the activity of compounds of Foriiiufa I that are 
identical except for the length of the carbon chah, at the Reposition or tin^j^ce of 
an oxygen linKng the R' sifcsaitufflii to the ring. 
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Table 1 



10 



15 





Bind 


PPARy 


RXR.-RXR 


RXR:RAR 




. db/db mouse 






RXRa 


CV-1 (%\ 


CV-1 


CV-1 (%) 


Glu. 


Trigs. 
(D3) 


Trigs. 
(P14) 


T4 
(D3) 


Confound 


Ki(nM) 


Synergy 




Antag. 


Ag. 


Antag. 


(D14) 


LG100268 


3 


183 


: 73 




6 


0 


73 


195 


82 


43 


LI 


1.1 : 


166 


62 


7 


21 


19 


96 


300 


54 


NT 


L2 


13 


69 


11 


62 


6 


49 


91 


NC 


116 


45 


L3 


1 


25 


2 


90 


5 . 


84 


75 


NC 


133 


NC 


L4 


1 


20 


1 


92 


2 


88 


50 


NC 


105 


NC 


L5 

NC = nocha 


0.6 

nge 


6 


0 


94 


5 


68. 


0 


NC 


NC 


NT 



20 



NT = not tested 

Ki = Determined ftom IC» values by the Cheng-Pnissof equation using tritiated LGD1069 
(RXR:PPARy) relative to maximal response of BRL49653 alone 

Ag = EfBcacy calculated as the maximal response relative to maximal response of ATRA 

(is:iGS.?srrT¥s;>sS5^ 

Glu. = Pksma glucose as a % correction relative to lean values on day 14 of treatment 

Is- rl^ ^t^^Ti^ " correction relative to lean values on the indicated day of treatment 
T4 = Total T4 as a % of obese control vahies on day 3 of treatment. treatment. 

Table 2 shows an additional comparison of the activity of compounds of 
fonnulae 1 and la that have variations of the length of the cartwn chain at the 
position, variations of the substituents at and R^ and ring systems incorporated at 
and R« taken together. Increased levels of triglycerides measured using the db/db 
mouse model were found not to correlate to increased triglyceride levels measured in 
the accepted Sprague-Dawley rat model. Data for Sprague-Dawley rats were included 
in Table 2 to indicate the profile of selected compounds of the invention in an accepted 
model for triglyceride measurements. 
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Table 2 




NT = not tested 



K, - Drtan^ from 1C50 values by the Chaig-ftiBsof equation using tritiated 1X301069 

{iULKzFFAKy) rela&ve to xxuadmal response ofBRL49653 alone 
Ag. ^ Efficacy calculated as &e 



0 (xIu.=Pl8sma 



^^a%canection Kbtiveto lean values on day7ofti«.tment^30n^g/day 



nsizig dh/db moose study. 

SD ratTxjgs. "Plasma triglycaides as a % of control vahies at faour 2 of treatment 



cat study. 



usii$ Spiagne Dawley 




LGl 00268 




CQsH 




L2 
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LIS 



L19 





10 



Therexinoids depicted above where is less than 2 carbons in length and/or do 
not have an ox>«en linking the sobsti^ 

RXRhomofimeragbnists. TT^eW compounds areefficadousinsulm 
rodent models of Type fl Diabetes, but ftey also raise trig^^d^ and supprWthe 
tbjroidhomKmeaxisin ihese animals. On the other hand, arexinoid such as L5 
dqncted above, where R' is greater than 5 carbons is a fuD antagonist and has no effect 
onglucose.trigIyceridesorth>Toidstatusinthesesan,emodeIsyst^^ Tire activity of 
the compounds is dependent on the chain length of R^ and on the identity of R', R^, r3 

15 and R^ all ofwMch can be substituted to affect the behavior of the rexinoid. ' 

Urose conrpomrds that have a carbon chain length at the R' position and 
apprxpriate substituents at R'. R^ r\ and R^ ndthin the scope of the present invention 
marntam the desitajle insulin sensitizir^g activity and el^^ 
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suppression of the thyroid axis and triglyceride elevations (e.g.. L3, L4, L6, hi). These 
compounds are heterodimer selective modulators of RXR activity. They bind to RXR 
with high affinity (K,<20 nM) and produce potent activation of the RXRrPPARy 
heterodimer. Among these compounds, L3 and L4, having a chain length of 3 and 4 
5 carbons, respectively, can be identified as the more preferred embodiments in this gix>up 
based on the absence of detectable suppression of the thyroid hormone axis. 

To minimize the undesirable increases in triglyceride levels and suppression of 
thyroid hormone axis, the modulators must not significantly activate the RXRiRAR 
heterodimer and must have substantial RXRrRAR antagonist activity. This requirement 
10 is clearly demonstrated by the two related compounds L2 and L3. The striking in vitro 
characteristic for these two compounds is that L3 has approximately twice the 
RXR:RAR antagonist activity as L2; this con-elates with the distinction in vivo where 
L2 suppresses thyroid hormone axis while L3 does not. 

When administered to obese, insuUn resistant db/db mice (100 mg/kg by daily 
oral gavage for 14 days) these heterodimer selective RXR modulators lower both 
plasma glucose and triglyceride levels. However, unlike either foil agonists (e.g., 
LGl 00268, LI) or partial agonists that exhibit less than 50% activity at the RXRrRAR 
heterodimer (e.g., L2), they do not substantially suppress total circulating levels of T4, 
or substantially increase triglyceride levels. 

When administered to transgenic mice carrying the human apo A-I gene all of 
these compounds increase HDL cholesterol, but both LG100268 and LI also raise 
triglycerides. Among the modulators that do not significantly activate the RAR:RXR 
heterodimer are those which do not raise triglyceride levels in the transgenic mouse 
model, consistent with their heterodimer selectivity. This effect is consistent with 
activation of PPARo, and. in fact, in vivo these compounds synergize with the weak 
PPARa agonist fenofibrate. 

The compounds of the present invention possess particular application as RXR 
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modulators and in particular as dimer-selective RXR modulators including, but not 
limited to. RXR homodimer antagonists, and agomsts, partial agonists and antagdnists 
of RXRs in the context of a h eterodimer. 

In asecond asi>ect, thepresent invention provides a method of modulating 
5 P'^cesses mediated by RXR homodimeis aiki/or RXR heter^ 

administermg to a patient an effective amount of a compound of the inventioii as set 
forthabove: The compounds of thepresentMventioh^j^ 
accqjtable salts, as well as esters aid amides. As us^ ii,' thfe dnsclosure^ 
phaiin&eutic&Ily acceptable s^tsincl^^^^^ 
10 piperaane. diethyl&aine; mcotiriamide, fohnic. Qieiav soditim. potissium, calcium, 
magnesium; zinc. litifimi^ cimuiHc^^n^^^^ m^esulfom'c:; picric^ tartaric, 
triethylanino, dimeffij^amino. and tris(i>ydo:gane«hi.D aminometliane; Additional 
pharinaceiitically acceptable safe are loKiwn l^ 
: llie compoimds of the presedt inventiOT- a^ 
15 transcriptibnalactiviOrthioughRX^^^ 

RXRdiARa.p.r(ftg:,RXR:PPARtt;P.7;RXRiTR;RXft:^^ 
RXRd^I; RXR:U£Rti,p. lUdlI)AX); i^luding any dther intr^^^^ 
<m ttet &nn a h^erbdhner with RXR: For example, application of the cob^unds of 
tbe present invention to modulate a RJ^arPj^ARa het«x>dimer is usefbl to modulate. 
Le. increase. HDt chol«terol levels and reduce triglyceride levels! Yet, apphcation of 
many of the same compounds of thfe present invention to a RXRouPPARy h6t«odi,rier 
modulates a distinct activity; i^, moaulation oradipbcyte biol^igy. including' ^ects on 
the differentiation and apoptosis of adipocytes, which will have impKcatians in tbe 
treatment and/or prevention of diabetes and obesi ty. In addition, use of the modulator 
compounds of the present invartion with activators of the other hetax>dimer partner 
(e.g„ fibrates forPPARa and iKazolidmediones for PPARy) can lead to a sjaieigistic 
enhancement offhe desired response. Likewise, apphcation of ffie modulator 
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compounds of the present invention in the context of a RXRa: VDR heterodimer will be 
useful to modulate skin related processes (e.g.. photoaging. acne, psoriasis), malignant 
and pre-malignant conditions and programmed ceU death (apoptosis). Further, it will be 
understood by those skilled in the art that the modulator compounds of the present 
5 mvention will also prove useful in the modulation of other heten>mer interactions that 
mclude RXR, e.g.. trimers, tetramere and the like. 

In the context of an RXR homodimer. the compounds of thepresent invention 
function as partial agonists. Further, when the modulator compounds of the present 
invention are combined with a corresponding modulator of the other heterodimeric 
10 partner, a suiprising synergistic enhancement of the activation of the heterodimer 
pathway can occur. For example, with respect to a RXRarPPARa heterodimer. the 
combination of a compound of the present invention with clofibric acid or gemfibrozil 
unexpectedly leads to a greater than additive (i.e. synergistic) activation of PPARa 
i^onsive genes, which in turn is useful to modulate serum cholestm>l and triglyceride 
1 5 levels and other conditions associated with lipid metabolism. 

Whether acting on an RXR heterodimer pathway, or the RXR homodimer 
pathway, it will also be understood by those skilled in the art that the dimer-selective 
RXR modulator compounds of the present invention will prove useful in any therapy in 
wbch agonists, partial agonists and/or full antagonists of such pathways will find 
20 application. Importantly, because the compounds of the present invention can 

diflferentially activate RXR homodimers and RXR heterodimers. their effects will be 
tissue and/or cell type specific, depending upon the cellular context of the different 
tissue types in a given patient. For example, compounds of the present invention will 
exert an RXR antagonist effect in tissues where RXR homodimers prevail, and partial 
25 agonist or fiiU agonist activity on the PPAR pathway where RXRarPPARa 
heterodimers prevail (e.g., in liver tissue). Thus, the compounds of the presem 
invention will exert a differential effect in various tissues in an analogous fashion to the 
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manner in'wiich varidiis classes of estrogens and antiestrogens (^.^.. Estrogen, 
Tanwxifeh. Raloxifeh) exert differentia] effects in different tissue and/or ceU t^ 
(eg., bone, breast, uteriis). See e^., M.T. Tzukerman eial, MoL EndoA2l'^0 (1994); 
I5J»: McD6nneir^ k.JJ^/.£„^a, 9:659^ However, in the present case, it ' 

5 is believed tfat the differential effects of the compounds of tfaepresent invention are' 
basediipon thepiticular tfibi^piar^^fl^^ which the conif)ouhd actsrrather.Aan 
tfirbngh differiHt transactiving regiobs of the estrogen receptor in the case of estrogfens 
and antiestrog«kr Howeverrit is possiW^^^ 
selectivitjr. 

10 '^^P^''=«^'^naitiohs^t^^^^^ 

invention Mclude; but ireiotlimited to. skm^related diseases; such as actinic keratoses 
arsenic keratoses, inflammatory and noi>^inflammatoiy acn^ psoriasis;. ichlhyoses and ' 
other keratinizatio^anaiijpeipro 
dermatitis, Dairiers disease. lichee 

5 dinageXsteroid atroi,hy), as a topical ariti^microbial; as skin pigmoitafion'^ts arid to 
treat and reverse the effects of age and phbu^^ 

modulation of^gMaridpre^irialignant^^^^^^ the conifjOimds may alstf^prove 
useful for fee prevention and ireatin&rt of «iiicerous and i»^cerous conditioi^ 
mcluffirigi'liremalilraift and mai^t biipai)f6liferitivb disfeaseig-aiid caticers of 
q>ithe1fia origiri siichis «Dc« of the breast; skiri, prostate, cervix, uterus, colon. 
bladaS-, es^hag^^ steliih^ lubi lai>an^Foxal<davity. Wood and lympliatic system, 
metaplasias^ dyq,ladas, neoplasias, leukoplddas and papillomas of the mucous mem- 
hnmesandintfaetreatmentofKaposissaxcoma. In addition, the present compounds 
may be used as agents to treat and prevent various cardiovascular diseases, including, 
without limitation, disease associated with lipid metabolism such as dyslipidemias, 
preventi-on of restrabsis and as an agent to increase the level of circulating tissue 
plasminogen activatcar (TPA), metabolic diseases such as obesity and diabetes (£e.. non- 
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msulm dependent diabetes mellitus and insulin dep«,dent diabetes mellitus) the 
modulation of difFerentaation and proliferation. disorders, as well as the prevention and 
treatment of neurodegenerative diseases such as Alzheimer's disease. Paridnson's 
disease and Amyotrophic Lateral Sclerosis (ALS). and in the modulation of apoptosis 
. including both the induction of apoptosis and inhibition of T-Cell activated apoptosis ' 
The RXR modulator compounds, their pharmaceutically acceptable salts or 

hydrolyzable esters ofthepresent invention may be combined withapharmaceutically 
acceptable earner to provide phamraceutical compositions useful for treating the 
brological conditions or disorders noted herein in mammalian species, and moro 
Inferably, in humans. n.e particular earner employed in these phannaceutical 
compositions may vary depending upon the t>pe of administration desir^ (e.g 
mtravenous, oral, topical, suppository, or parenteral). 

m preparing the compositions in oral liquid dosage fonns (e.g. suspensions, 
ehxirs and solutions), typical phamaaceutical media, such as water, glycols oils 
alcohols, flavoring agents, presen^atives. coloring agents and the like can be employed 
Smrilarly. when preparing oral solid dosage forms (e.g. powders, tablets and capsules) ' 
earners such as starches, sugars, diluents, granulating agents. lubricants, binders 
dismtegratmg agents and the like can be employed. 

For parenteral administration, the carrier will typically comprise sterile water 
although other ingredients that aid solubility or serve as preservatives can also be 
included. Furthermore, injectable suspensions can also be pr^ared. in which case 
appropnate hquid carriers, suspending agents and the like can be employed. 

For topical administration, the compounds of the present invention can be 
25 fonnulated using bland, moisturizing bases such as ointments or creams. 

The pharmaceutical compositions and compounds of the present invention can 
generally be administered in the fonn of a dosage unit (e.g. table., capsule, etc.) in an 
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sm^gay and radiation tfio^y. ^ 

oft^ leterodtacric p.m« one is able «- «afec lower dosages afeHher b«k 
n.0d„lao:^«»,eby,ea*g„3^^.,^,^^^^^^^^ 

^-o^.a.0. who, ^ployed alone a, s^ ^ ^ ^.^ ^ 
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combination therapies, provide an enhanced therapeutic index (i.e., significantly 
enhanced efficacy and/or decrease side-effect profiles) over utilization of the 
compounds by themselves. 

^^-^-'^^t-^-odulatorc^npounds of the present inventi^^ 
limitation those depicted below. 
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n^^^'""' ■^■■»C'«°)*B.*n, C*.^. 37:2930 

0994): M Boeto «< O^. 38:3I4< (,99^ 

a^.270-^90.(,995);,.Biss.«i,W^,^. <t C«W«,.,v,, ,5:55760995)^^ 
B«ni«<./;«-«i a«.,38:2S20(i995);S. Can«-K„cl..<^ y cL 
39-J229 0996): WO 97/12853. C»«t, 

m«Kiacesfl»d=simlmW,»oi«y^ftecamc.oIeft,g=on.«,y. Sc*«,e, 

of » afire cla« of wiifi lie app,^^ 
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The key sequence of reactions in this synthetic route involves utilizing an 
existing arylalcohol group as a functional handle to annulate a lactone ring on to the 
existing aromatic ring, forming a coumarin. .The coumarin. by virtue of its cycMc 
structure, necessarily locks the olefin geometiy as cis. The m-geometry established in 
this step is then preserved throughout the remainder of the synthesis, yielding 
compounds of high isomeric purity ivithout the need for isomerization of or discarding 
of the undesired isomers. Access to coumarin intermediates of the type required for 
construction of this important class of RXR modulators (e.g.. Stnicture 4) can be 
achieved through either of two distinct strategies. 

A coumarin such as 4 can be formed directly from an arylalcohol such as 2 
through a von Pechmann or related cyclization reaction with a P-keto ester such as 3. 
Alternately, the coumarin may be introduced from an ortho-hydroxyacetophenone such 
as 5 by condensation with a stabilized phosphorous ylide as shown in Structure 6. For 
further reference see, S. Sethna and R. Phadke, Organic Reactions. 7:1-58 (1953); HJ. 
Bestmann, etal., Angew. Chem. Int. Ed. Engl. 15(2):1 15-1 16 (1976). 

After this cyclization step to form a coumarin such as 4, the lactone ring of the 
coumarin is then reductively opened to form a diol as shown in Structure 7. The diol 
then undergoes selective alkylation at the arylalcohol oxygen and mild oxidation of the 
allylic alcohol to the con-esponding aldehyde {eg.. Structure 9). The synthesis is then 
completed by a standard Homer-Emmons / ester hydrolysis protocol. For further 
reference see. WO 97/12853, S. Canan-Koch et al., J. Med. Chem. JP:3229-34 (1996). 
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Scheme 1: General Synthesis of RXR Modulator Compounds via Coumarin Intermediates. 




Scheme 2 pn>vides an example of the first method for producing a desired RXR 
modulator of the present invention. Beginning with a previously described 
tetramethyltetiahydronsq^hthol {e,gJ, Structure 2), a classical von Pecfamann cycHzation 
strategy using ethyl acetoacetate in 75% aqueous H2SO4 is used to legioselectively 
generate the 4-m^ylcoumarin ring system such as 4 in one step, setting the olefin 
gebmetty of the target confound. For fiiitter reference see, S. Canan-Koch et aL^ J. 
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Med. Chem. 39: 3229-3234 (1996)); S. Sethna and R. Phadke, Organic Reactions, 7:1- 
58 (1953). Reductive ring opening of the lactone ring in 4 with LiAIH4 cleanly 
provides a diol such as 7. Selective alkylation of the phenol oxygen under extremely 
mild conditions is achieved using excess cesium fluoride and stoichiometric 1- 
iodopropane in DMF yields a primary allylic alcohol such as Structure 8. For further 
reference see, T. Sato and J. Otera, Syn. Lett., 336 (1995); J.H. Clark and J.M. Miller, 
Tetrahedron Lett., 18:599 (1977). Oxidation to an aldehyde such as 9 is accomplished 
with TPAP and NMO in CH2CI2 (S.V. Ley et al. Synthesis, 639 (1994)). Homer- 
Wadsworth-Emmons olefination of 9 a with phosphonate.such as 10 provides flie 
remainder of the triene chain (See, B.E. Maryanoff and A3. Reitz, Chem. Rev., 89:863 
(1989)). Phosphonate 10 may be subjected to s^onification wifli KOH in methanol to 
reveal the free add target compound 1.. 
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Sctemel: ^l^Syr^softheRXRMod^^r Compound LGm754. 




ethyl acetoaoelate 



75% H2SO4 
100 'C. 3 h 
79% 



CsF. /?:Pfl. DMF 

rt,8fi 
99% 




O'CtoftSh 
99% 





TPAP, NMO 

CH2Cfe.ift.ih 
90% 




(Eto; 



(10) 



CP2H 



1. n-BuU, THF /DMPU. -78 'C 

■ 2: KOH. MeOH. reflux 
88%.2steps. 



Certain related nK,lecnrfes in Ibis series of RXRmoduI^^^^ See WO 
97/12853)thatc»^lai^WbedaIIcy^substitutedph«^^ 
te.^etbyfte^3^^btby,groupof,provedin.^^^^^^ 

y^ons^yin^e.on.^^^.y.,^^^ Unwanted ^ ^Uns 
o.u.^underthesereac.oncon^^^^^^^ 

n,tenned,atesweree.p,orcdusingtbep,esentsubs,xateasan,odeL It Was reasoned 
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Scheme 2: Example Synthesis of the RXR Modulator Compound LGl 00754. 




ethyl acetoacetate 

75% H2SO4 
100 'C. 3 h 
79% 



CsF. n-Prl. DMF 



rt. 8h 
99% 





LiAIHt, EtzO 
0 "C to rt, 3 h 
99% 





CO2H 



TPAP. NMO 

CH2CI2, rt. 1 h 
90% 




(EtO). 



(10) 



1. n-BuU, THF /DMPU. -78 "C 



2. KOH. MeOH. reflux 
88%, 2 steps. 



Certain related molecules in this series of RXR modulators (e.g.. See, WO 
97/12853) that contain branched alkyl-substituted phenyl moieties in place of the 
tetramethyltetrahydronq>hthyl group of 1 proved incompatible with the strongly acidic 
conditions employed in the von Pechmann cyclization step. Unwanted alkyl migrations 
occurred under these reaction conditions. Milder alternative routes to the coumarin 
intermediates were explored using the present substrate as a model. It was reasoned 
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Scbcane 3, Compound i of Scheme 2 Was preparal in seven stq>s, 66% overall yield 
the stabilized ylide variation of Scheme 3. All of the reactions in this synthesis are 
amenable tomultigram scale execution without significant loss of yield or 
stereocheinical purity, and intemediates require minimal purification. 

Scheme 4 describes a third method for preparation of&ecoumarin 
intennediates described by genleral Structure 4. The meUiod involves conversicm of a 
haloarylalcohol such as 11 to its cionesponding arylbonmic acid or aryiboforiate e.^., 
Structin« 13^^^^ Pd-catalysis in DMF. Subsequent Suzub' coiqiling of the resultant 
arylbordiric acid or aiylboronate with an eth)d ctr-3-haIoCTOtonate represented by 
Structure 15|inxhices comiiin iitep^ Concomitant cyclizatibn to the 
coiTKponding coumarin ensues under.flje basic hydrolytic conditions employed for flie 
Suzaiki coi^iling chanisdy (2 M K2CC>3). 

III a vffliant of flie above desraibed synthetic scheme, Suzuki cotpling of the 
samevethyi cir-3^haIoat>tcmate (15) fiagmen^ to a 2-aBcoxyaryIboronate 14 results in Z- 
esferi 6. ADco3Q)aiyIboranate 14 is prq^ared by atHcylafaon of a 2-haIoaiylalcoh6l such as 
11 lb a 2-aIkoxyaiyh^'de 12 prior to conversion to the aiylboronic acid or arylbonmate 
14. Z-«st«- 16 may flien be treated with IiAIH4 to inteix«pt the coimi^ 
at the stage of aHyb'c alcohol 
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Scheme 4: Alternate General Syntheses of Intermediates 4 and 8. 



„l . bis(pinacolato)dlboron 
^ T PdCl2(dppO. KOAc 

RSjX'^^X DMF, 80 "C. 2 h 



nBuLi. (RObB, THF 




UAIH4 



Et20 



'B(OR)2 (i5) COzEt 



r~~ — 

TV 2MK2CO3 

r4 ^7 80*C.12h 

. R^*H 



13 

14.R^ = allyl — I 



R6 



,^3X«s^jj^ C02Et 

R* R' 
16 



(15) 
Pd(Ph3P)4 
2 M l^COa 
EtOH/ toluene 
reflux, 12 h 



The concept of using a coumarin intennediate to set the key cis-olefin geometry 
of an important new class of RXR modulating drugs constitutes an efficient general 
synthetic route, of which several variations are demonstrated herein. 



EXAMPLES 



Experimental Section 
General Experimental Chemical Procedures. Proton nuclear magnetic 
resonance ('H NMR) spectra were recorded on a Briiko- AC 400 or a Varian VXR 500 
S spectrometer. Chemical shifts are given in parts per million (ppm) downfield from 
internal reference tetramethylsilane in 5-units, and coupling constants (y-values) are 
given in hertz (Hz). Selected data are reported in the following manner: chemical shift, 
multiplicity, and coupling constants. Melting points were taken on an Electrothermal 
IA9100 Digital apparatus and are uncorrected. "Brine" refers to a saturated aqueous 
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soluhon of Naa l&less otherwise specified, solutions of common inorganic salts used 
ni woric.ups are aqueous solutions. All moisture sensitive leactions w^e carried out 

nsmgdveoKlrieddi-flameKWediound-bottomedfr.^^^ 

atmosphoie of dry nitrogeiL 



an 



General Procedure A: von Pecimann Cyclization / Conmarin Intennediate 
Method for Syntbesis of RXR Modnlafors. 

m^cn-^-yn -^^^ytr^^.^ , ^ ^^^ fj^^,^^ ^^ ^^^^^^ 

5,6,7,8-TetrahYdrrv5,5,8,8-fetrRmefhv1nTtt,hth-3.nl. ^g^..^- . 2 1 
^M2,^i^fe^R- = I^R-^dR^toprth^fi.^.,^^^,^^^^^ 
pi^ecMcr^ 

a>a3>7.17(d,JH,,/=&5Hz).^7^ 

H2).4.49(sJI0. 1.66(s.4HX 1.25 and M4(2s.2x3H). "CNMROOOl^^^ 
aX33)imi46.6.,373,127.7/ll3..Ml2.7.3 

(liunfihn)3143(hr.s).29i7(m). I455(xn). AnaL Calcd for C14H20O: C, B230;H, 
9.87. Found- C. 82.25; H, 10.07. 

J A3 ATetn.hyrfro-],l,4,4.6-paifamrfhvlben..or<; ^ ^Stn,^ ^ 

S^^Sland2j where i?^=tt c2_.t>3. - 

, , wnere k , k , R - H, and R together fnm, . t etramethvl ^t,^.^ 

sDc.meinberedr^rf>orYclicrinp. R^=m.thy!V To a flame-dried 50-mL r.b. flask 
cantaming 5,6,7,8-tetx^ydro-5^,8,g.tet^ethyInaphth-2-oI (2.03 & 9.94 mmol) in 4 
mL 75% H2SO4 was added ethyl acetoacetate (Structure 3 of Scheme 1. where = 
methyl, R«=H. R' = ethyl). (3.19 ml. 25.0Bnndl. 2.52 eguiv). and themi^ was 
heatedtol00oCfor3h. ^K,n cooling to room tempcratur.. fte mixtur. was poured 
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over ice (50 g), diluted with saturated NaHCOa (50 mL), and stirred for 30 min. The 
mixture was then extracted with EtOAc (3 x 50 mL) and the organic layer was washed 
with brine (50 mL), dried (Na2S04), and concentrated under reduced pressure. The 
crude product mixture was purified by flash column chromatography (silica gel, 
hexanes / EtOAc, 4:1) to remove residual ethyl acetoacetate, providing the desired 
coumarin as a white solid (i?/0.62, hexanes/EtOAc, 2:1). Recrystallization from 
hexanes / EtOAc afforded 2.12 g (79%) of 1 A3,4-tetrahydro-l,l,4,4,6- 
pentamethylbenz6[5,6-g]coumarin as white prisms (mp 126-128 °G). 'H NMR (400 
MHz, CDCI3) 7.51 (s, IH), 7.25 (s, IH), 6.20 (d, IH, 7= 0.8 Hz), 2.43 (d, 3H, 7= 0.9 
Hz), 1.72 (s, 4H), 1.33 and 1.31 (2s, 2 x 3H). NMR (100 MHz, CDCI3) 161.2, 
152.2, 151.4. 150.4, 141.5, 122.2, 117.9, 114.3, 107.1, 34.92, 34.84, 34.58, 34.20, 
32.22, 31.83, 18.49. IR (thin film) 2923 (ni), 1716 (s), 1612 (m). Anal. Calcd for 
C18H22O2: C, 79.96; H, 8.20. Found: C, 80.06; H, 8.06. 

(2Z)-3-r4^Hvdroxv-2-bute n-2-vn-5.6.7.8-tetrahvdro-5.5.8.8-tetramethvlnanhth- 
2-0I (Structure 7 of Sche mes 1 and 2. where R*. r1 R^= H. R^ and together form « 
tetrametfavl saturated six-membered carfaocvclic ring. R^ = methvll . To a flame-dried 
lOO-mLr.b. flask containing l,2,3,4-tetrahydro-l,l,4,4,6-pentamethylbenzo[5,6- 
gjcoumarin (564 mg, 2.09 nunol) in 30 mL Et20 at 0 "C was added LLAIH4 (79.0 mg, 
2.08 mmol, 1.00 equiv), and the mixture was stirred and allowed to gradually warm to 
room t^perature over 2 h. The mixture was then cooled to 0 "C before flie cautious 
addition of l.OM NaHS04 (10 mL). The mixture was extracted with EtOAc (30 mL) 
and the organic layer was washed with brine (50 mL), dried (Na2S04), and 
concentrated under reduced pressure to afford 568 mg (99%) of (2Z)-3-(4-hydroxy-2- 
buten-2-yl)-5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphth-2-ol as a white solid (mp 144- 
145 »C). 'H NMR (400 MHz. CDCI3) 6.92 (s, IH), 6.82 (s, IH), 5.92 (t, IH. J= 7.4 
Hz), 3.96 (d, 2H. J = 7.4 Hz), 2.05 (s. 3H), 1 .66 (s, 4H), 1 .26 and 1 .23 (2s, 2 x 3H). "C 
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NMR(i60Mii2,CbCl3) 149A 145.8, 137.3, 137.2, 127.4, 126.6, 124.8, 113.3,60,4, 
35.2, 35.1, 34.2, 33.6, 32.0, 31.8, 25.6. IR (thin film) 3147 (br, m), 2919 (in), 1218 (s). 
Anal. CaIcdfor"Ci8H2602: C,78.79; H,9^^^ Foimd: C, 78.71; H, 9.71. 
f2Z)-3-f4>Hvdroxv-2-butCT>2>vlV5.6.7.8-tetr^ 

propyloxyteapBthgaeiie (Structure 8 of Schenles 1 and 2. where R!', R^, = H, and 
R^ togetfa^ form a tetrameiiivi saturated six-mmibered carbocvclic nng. R^ == tnetfivh 
R^ = n'Vrotyl\ To a flame-dried 25-niLT.b. flask contiaimng 3-(4-bydro3^-2-buten^2- 
)^>5,6,7,8-tetrahj^^ (133 mg, 0.^8 nimSl) m^2 niL 

hydrous DMF at room temperature was added cdnum fluoride (36i5 mg,'2.40 liimol, 
5.00 equiV) and l-iodbi)ropaiie (52.0 (it, 0.53 mmol, 1.10 eqiiiv), and file mixture was 
stirred for 1 2 1l The reaction nmture was then diluted with EtOAc (20 mLji a&I - tfie 
resultant orjgaiiiib layer was wslshed with wata* (2 x 10 ml;), brine (1 6 niL), dried 
(Na2S04), and concentrated under reduced pressure to afTord 150 mg (99%) oT{2Z>3- 
(4-hydr6xi^-24)Utai-2iiyI>5^fe,7,8-^ 

napb&^me as a coloriess viscous iiii:' 'H NMR (400 MHz, CEOs) 6.91 (s, IH), 6.77 
(s, ffl),5.78 (dt,lHfy=6^^ I-4il2X3^88(n^4H),2.{M(s,3^^ 1.75 (m^2Hjl,tM 
and 1J23 (2s, 2 x 311), 1.01 (t, 3H, y = 7.5 Hz). "C NMR (100 MHz, 
14^.9^ 138.4, 137.0, 127.7, 126.5, 1 10.1, 70.3, 60.7, 35.2, 35.1, 34.4, 33.6, 3 1.9, 31.8, 

25.1,22.8,10.7. m (thin fihh) 3336 (br,s), 2919 (s), 1498 (m), 14^^ Anal. Calcd 

fQrC2lH3202: C, 79.70; H, 10.19. Found: C, 79.60; H; 10.44. 

r221-3>f5-6-7-8>Tetrahvdro-5,5.8.8>tetramethvI-2-(w-prDPvloxv)naphA^ 

vl%but>2-ep>l>al (Structure 9 of Schemes 1 and 2. where R'. R\ R^= H, R^ and 

topper form a tetramethvl saturated six-membered carbocvclic ring. R^ = methvL R^ = 

n-propvl). To an oven-dried 10-mL nb. flask containing (2Z)-3-(4-hydToxy-2-buten-2- 

yI)-5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-(n-propyloxy)n^hthal (25.0 mg, 0.08 

nm}d>ahdAr-nrieth}dmoiiAoline Ar-<)xid (NMO, 14 mg, 0:12 nimol^ 1.5 equiv) in OJ 

mL CH2CI2 at 0 was added tetra-;i-propylainmonium penru&enate (TPAP, 1.3 mg, 5 
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mol%), and the mixture was allowed to wann to room temperature. After 1 h at room 
temperature, the reaction mixture was filtered through a pad of silica gel, washing with 
an additional 50 mL CH2CI2. The solvent was thai removed under reduced pressure to 
afford 25 mg (99%) of (2Z)-3-[5,6,7,8-tetrahydro-5,5,8,8-tetiamethyl-2-(n- 
propy]oxy)n^hthalen-3-yl].but-2-en-l-al as a colorless low-melting solid. The 
aldehyde thus obtained was of greater than 98% purity as judged by the 'H NMR 
spectrum, and was used directly in the next step without further purification. 'H NMR 
(400 MHz, CDCI3) 9.36 (d, IH, V= 8.1 Hz). 6.99 (s, IH), 6.79 (s, IH), 6.09 (dd, IH, J 
= 8.4, l.I Hz),3.90(t.2H.y=6.4Hz),2.29(d.3H.y- 1.1 Hz), 1.76 (m,2H). 1.68(d. 
4H,y- 1.6 Hz), 1.30 and 1.23 (2s, 2 x 3H) 1.00 (t. 3H, J= 7.5 Hz). "C NMR (100 
MHz, CDCI3) 194.0. 161.7. 153.3, 146.9, 136.6. 129.7, 128.6, 125.3, 109.5, 69.7, 35.1. 
35.0. 34.6. 33.6, 31.9, 31.8, 25.9, 22.6, 10.7. IR (thin film) 2922 (br, m), 1674 (s), 1202 
(s).1147(s). 

f2g.4£'.6Z)- 7-r5.6.7.8-Tetrahvdro-5.5.8.8-tetramethvl-2-fa-Dropv1f>xv>- 
naphthalen-3-vn-3-meth vlocta-2.4.6-trienoic acid (LG 100754. Structure 1 of Schemes 1 
and 2. where R*. r " = H. and together form a tetramethvl saturated six- 

membered carbocyclic ring. R^ = methv K R^ = w-pronvl) . This compound was prepared 
from(225-3-[5.6,7.8-tetrahydro-5,5,8.8-tetrameAyI-2:(«-propylpxy)naphthalen-3-yl]. 
but-2-en-l -al as previously described (S.S. Canan-Koch e/ a/., J. Med. Chem. 39: 3229- 
34 (1996)). The 'H NMR spectral data, TLC elution properties, and melting point of 
this product thus obtained matched those previously reported. 

General Procedure B: Stabilized Yllde Procedure for Preparation of a Coumarin 
Intermediate of General Structure 4. 

1.2.3.4-Tetrahvdro-1.1.4.4.6-p entamethvlbenzor5.6-g1coumarin CStructure 4 of 
Schemes 1 and 3. where R*. R^ R^ = H. R^ and R^ together fomi a tetramethvl saturated 
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six-memb ered cigbocvclic ring, = metfavlV 

3-AcetYl-5A7,8-te tTahv d ro -S. 5 .8.84eti^ethvlnaDhth^^^^^ rf^iructure 5 of 
Schemes 1 and 3, where r'. R-' = R together fom. a tetramethvl ..^atiiT^t^ 

six-member^ caiwcyclic rinff. = methviV This compound Was prepared as 
previoiisly descnbed (S.S. Canm-Koch eZ ai. J. Med Chan. 39: 3229-34 (1 996)): nip 
mm-C. 'H>JMR(4{)0i^(M3)lI.65 (folded ovCTs^ IH), 7.65 (s» IH). 6J)0 
is, IH). 2.61 (s. 3H), 1.68 (s, 4H). 129 and 127 (2s. 2 x 31^. "C NMR (100 MHz. 
CDC13) 203.9. 159J, 1362. lis!?. llgj, 115.4. 107.1,35.1. 3^9.34.6,3^7:322. 
31.6. 26.4. IR (thia fi^ 292i (mX 1654 (s), 1459 (m). Anal, daicd fca- 016^225: C, 
78,01; H. 9.00. Found: C. 7828; It 9.<». 

1^^,4-Tetrahvdit>-1 J.4.4.6^)entamethvni e n2or5.6-y] ^^^ fStmcturw 4 rvf 
Schemes 1 and 3, where R' R^^n. R^Wb ^ toe^^r form « tetramethvl sat,».f^ 
six-membered caibocvclic ring. =meffavn. f« « 'fl«r.P^Ji <n_^T fj^^ 
containmg 3-acetyI-5,6,7;8-tetrah3dro-^?,8-tetiame%teaph^^^ (1.579 g. 6.41 
nunc]) in 10 mL tobrae was added caibefeox3methyienetripliCTy]phosphoraiie 
(Stnicture 6 of Scheme 1. whereR«=IJ R" = ethyl) (3.35 g, 9.62 mmol. 1.50 eqiriv), 
and the mixture was heated to refux fo> 24 II Vpon cooling to room temperature, the 
solvent ^ the remaming solid was purified 

by trituration with cold bexanes (3 x 50 mL) to affoid 1 .54 g (90%) of 1 2^3.4- 
tetrahydix^I,l,4,4,6-pentamethyIbenzo[5,6-^Jc^ as a white solid. The 'H NMR 
^pectral data, TIC elution propaties, and meltingpoint of this compound thus obtained 
matched those of the same compound obtained using General Procedure A (von 
Pechmann cyclization). 

General ProcednreC: Suznki Coupling Procedure for Preparation of a Comnarin 
Interoiediate of General Structure 4. 

Variant 1: 6.8-Di-(terr>-butvl-4-metb vlooumarin ^Structure 4 of .<;chemi. l , 
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where R\ R\ = H. rI = tert-hutvl = methyl). To a lOO-mL r.b flask 
containing 4,6-di-/er/-butyl-2-iodophenol (Structure 11 of Scheme 4, where R', R^ =H, 
R^ R^ = /err-butyl, R' = H) (1 . 10 g, 3.00 mmol) in 30 mL DMF was added 
bis(pinacolato)diboron (0.83 g, 3.30 mmol, 1.10 equiv), and potassium acetate (0.88 g, 
9.00 mmol), and a stream of m'trogen gas was bubbled through the solution for 15 min. 
To this solution was added PdCl2(dppf) (0.22 g, 0.33 mmol, 10 moI%), and the reaction 
was heated to 80 **C for 2 h. The reaction mixture was then cooled to room temperature, 
ethyl c/5-3riodocrotonate (Compound 15 of Scheme 4, where R^ = methyl, = H) 
(1.44 g, 6.00 mmol) and 15 mL of 2 M K2CO3 was added, and the reaction was heated 
to 80 overnight. The mixture was cooled, concentrated under reduced pressure, 
water was added, and the organics were extracted with 200 mL CH2CI2- The organic 
layer was washed successively with water then brine, dried (MgS04), concentrated 
under reduced pressure, and purified by flash column chromatogrq>hy (silica gel, 
CHjClj/hexanes, 1:1) to give 0.38 g (47%) of 6,8-di-(/er/)-butyl-4-methylcoumarin* 
NMR (500 MHz, CDCI3) 7.59 (d, IH, J = 2.0 Hz). 7.44 (d, IH, 7= 2.0 Hz), 6.27 (s, 
IH), 2.45 (s, 3H), 1.51 (s, 9H), 1.36 (s, 9H). 

Variant 2: 6,8-Di-f/er/)-butvl-4-methvlcoumarin TStructure 4 of Scheme 1, 
where R^ R\ R^ = H. rI R^ = tert-hutvl R^ = methvlV To a 100-mL r.b. flask 
containing 3,5-di-(/er/)-butyl-2-hydroxyphenylboronic acid (Structure 13 of Scheme 4, 
where R^ and R^ = H, R^ and R^ = /err-butyl, R'^ = H) (0.54 g, 1 .9 mmol) in 20 mL of 
ethanol and 20 mL of toluene was added (Ph3P)4Pd (0.1 g, 0.1 mmol, 5 mol%), ethyl 
c&-3-iodocrotonate (Compound 15 of Scheme 4, where R^ = methyl, R^ = H) (0.70 g, 
2.9 mmol, 1.5 equiv), and 10 mL of 2 M K2CO3, and a stream of nitrogen gas was 
bubbled through the solution for 10 min. The reaction mixture was then heated to 
reflux overnight. The reaction mixture was then cooled to room temperature, 
concentrated under reduced pressure, water was added, and the organics were extracted 
with 200 mL CH2CI2. The organic layer was washed successively with water then 
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brine, dried (MgSOo), concentrated under reduced pressure, and purified by flash 
column chromatography (siKca gel, CHzCt/hexanes, 1:1) to give 0J3 g (55%) of 6,8- 
di-(/er/)-butyl-4-metbylcoumarin. 'H NMR (500 MHz, CDQj) 7.59 (d, IH, 7 = 2.0 
Hz), 7.44 (d, IH, 2.0 Hz), 6.27 IH), 2.45 fs, 3H), 131 (s, 9H), 136 (s, 9H). 

Geher^Proc^nreD: Preparatidiii of aZ-3-AiyIbntenoate of General Stractnre 
16. 

(2Z)-EdiYl3^r4,6-<ii%erf)-butvl-l-methoTY p hi5D-2-^^^ 
.6fScheme4,wheiieR',R^R'' = H.RlR^ = /^. butvLRf R^ = m>^t,t>iV T» . ^rL^T 
r.b. flask containing 3,5-di-(/ert>-butyl-2-nielhoxyphenyJboranic acid (Stractuie 14 of 
Scheme 4, where R. R'. =H. R^ R" = /err-butyl. R' =methyl) (0.97 g. 3.20inino0 in 
10 mL of EtOH and 6 mL of toluene was added (PhaPX^d (0.1 g, 0.1 nimol, 3 mol%). 
ethyl c»-3i-iodocrotonate (Compound 15 of Scheme 4, where R* = methyl, R* = H) 
(1.01 g, 4.2 mmol, 1.31 equiv), and 6 mL of 2 MK2CQ3, and a stream of mtrogen gas 
was bubbled through the sohrtion for 10 min. ITie reaction mixture was then heated to 
reflux ovemigfaL The reaction mixture was then cooled to room temperature, 
concentrated under reduced pressure, water was added, and the organics were extracted 
with 200 mL of Ofcaa. The organic layer was washed successively wife water then 
briiie), dried (MISO4X eonctintirktea lindef ledubed pregsurt, and pMfied by flash 
column chromatography (silica gel, CH2a2/hexanes, ] :I) to give 0.35 g (56%) of (22)- 
ethyl 3-i4,6-di-(/firr>butyl-l-methoxypheo-2-yI]but-2-enoate. 'H NMR (500 MHz, 
CX>a3) 7.11 (d. lH.y=2.0Hz),5.91 (s. IH). 4.16 (q, 2H), 3.71 (s, 3H). 2.19 (s, 3H). 
1.51 (s. 9H), 1J6 (s, 9H), 0.84 (t, 3H). 

(2'ZM,6-I>i .f/e7t>-butvl-2-r4-hvdroxv.2-hiifen-2-vnam5ole /^.Structure 8 of 
Schemes 1 and 4, where R', H\T<^^IL R\ R^ = r^-hi rtvl. R^ . R^ = m^y T > Toa50- 
mLr.b. flask containing (22)-ethyi 3-[4.6-di-(/err>butyl-l-metiioxyphen-2.yIJbut.2- 
enoate (Structure 1 6, where R', R^ R« = H, R^ R^ = /er«-butyl. R^ R' - methyl) (0J5 
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g, 0.72 mmol) in 5 mL of EtjO at -78 "C was added LiAlH4 (0.03 g, 0.7 mmol), and the 
reaction was wanned to room temperature and stirred for 1 h. Ethyl acetate (20 mL) 
and 2 mL of 6 N HCI were added and stiired for 1 h. The organic layer was then 
washed successively with wator then brine, dried (MgS04), concentrated under reduced 
pressure, and purified by flash column chromatography (silica gel, CH2Cl2/hexanes, 
1 :1) to give 0.20 g (90%) of (2*ZH.6-di-(tert)-butyl-3-(4-hydroxy-2-buten-2-yI)anisolfc 
'H NMR (500 MHz, CDCI3) 7.26 (d, IH, 7 = 2.0 Hz), 6.91 (d, IH, J= 2.0 Hz), 5.82 (dt, 
IH, /= 7.0 Hz, 2.0 Hz), 3.81 (m, 2H) , 3.79 (s, 3H, ), 2.16 (d. 3H,V= 2.0 Hz). 1.41 (s, 
9H),1.30(s,9H). 
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MeU 



THF 




Ph^CHCO^Et 
Toiuene 




in 




CsFjR' 



IV 




VI 



OEt 



/iSi/a THFtDMPU 



ElO. 




r. KOHmeOH 




VH 



VUl 



Scheme 5 shows a general synthetic method for the production of coumarin 
mtem.ediates(..^., StructureHI). Ms sj^thetic method is also descnT>ed in S^^^^^ 
The s>.,thetic process of these schemes describes the production of a comnarin fiom a 

hydroxyacetophenonebycondensationwitfaaphosphw^^ TT^coumarin 

mtemaediates are then ring opened and alkyla^^ 

compom^ds. Examples 1-13 d.ow a preferred em^^^ 

^ovm m Schemes I aid 5. 
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Example 1 

(Compound 11 of Scheme 5, where R = tert-huXv]) . To 1 10 gm (0.44 mol) of 3,5 
Di-/err-butyl-4-hydroxybenzoic acid I in 500 mL of THF at 0°C was added 1.6 L (1.76 
mol) of 1 .4 M MeLi. The reaction was stirred for 2 h while slowly warming to room 
temperature. One liter of EtOAc was slowly added to the reaction mixture which was 
subsequently washed ( 1 L of 1 N HCl, 1 L of water and 500 mL of brine), dried 
(MgS04), concentrated and purified by Si02 chromatography (10% EtOAc-hexanes) to 
give 83.0 gm (0.33 mol) of n. ^H-NMR (CDCI3) 6 7.56 (m, 2H, Ar-H), 2:65 (s, 3H, 
CH3). 1 .42 (s, 9H, t-butyl), 1 .32 (s, 9H. t-butyl). 

Example la 

(Compound Ha of Scheme 5. where R = isobutvlV To a mixture of 15.64 g 
(0.0625 mol) of 2-hydroxy-2,4-di-tert-isopropylben2oic acid and 300 ml of dry THF at 
-7SX was added 100 ml of 2.5 M n-butyllithium slowly (Note: Scheme 5 demonstrates 
use of methyl lithium, however in this synthesis butyl lithium was used). The resulting 
mixture was wanned to room temperature. The reaction was checked by TLC and after 
3 hours 100 ml of EtOAc and 20 ml of water were added. The reaction was stirred for 
30 minutes and then extracted with 500 ml of ETOAc. The organic fractions were 
combined and dried over MgS04. The solvents were evaporated under reduced pressure 
and the resulting oil was purified over silica gel (eluent: methylene chloride/hexane: 
50/50) to give 17.82 g (yield : 98 %) of Da. NMR (CDCI3): 7.62 (s, IH), 7.54 (s, 
IH), 2.98 (t, 2H), 1.76 (m, 2H), 1.55 (m, 4H), 1.54 (d, 6H), 1.43 (d, 6H), 0.96 (t, 3H). 

Example 2 

(Compound III of Scheme 5. where R = tert-hutvL R" = m. To 83.0 gm (0.34 
mol) of methyl ketone II suspended in 500 mL of toluene was added 232.9 gm (0.67 
mol) of (carbethoxymethylene)triphenylphosphorane. The mixture was heated to reflux 
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and allowed to Stir overnight Themfv*^ 

«™gni. lie nuxtore was cooled, water was added anH 

ExaiBp ii.:^ 

I-OMIithio^a,^^^^^^^ ^^^---^<ied34^.^(34^^,^^ 
^ ^ "'^^^^^'^^^anes) while slowivwartf,?^-* 

JExainibie 4 
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Hz, IH, Ar-H),5.82 (dt,y= 7.0 Hz. y= 7.0 Hz. 2.0Hz,.lH=CH), 3.81 (m.4H,Cfl2- 
OH.-OC//2CH3).2.16(d,y=2.0Hz,3H,CH3), 1.41 (s, 9H, t-butyl), I.36(t,y=7.0 
Hz, 3H, -OCHzC/^s), 1 .30 (s, 9H, t-butyl) 

EMmole S 

(Compound VI of Scheme 5. where R = /gr/ butvl. R ' = eth^d. R" = H) . To 10.3 
g (33.9 nunol) of the alcohol V stirring in 150 mL of CHjCb was added 600 mg (1 .69 
mmol) of tetrapropylammcnium perrathenate (TPAP) and 5.95 g (50.82 mmol) of 4- 
methylmoiphohne-N-oxide (MMNO). The reaction stiired overnight and the filtered 
through a Si02 plug and washed with CH2CI2. In vacuo concentration gave 8.49 g 
(28.1 1 mmol) of VI. 'H-NMR (CDCI3) 6 9.47 (d, 7= 8.5 Hz, IH, HCO), 7.37 (d, y = 
2.0 Hz, IH, Ar-H). 6.96 (d, J= 2.0 Hz, 1 H, Ar-H). 6.10 (d. y = 8.5 Hz. IH. =CH), 
3.87(t, y = 6.3 Hz. IH, C/fjCHj). 3.73(t, y = 6.3 Hz. IH, C//2CH3), 2.36 (s, 3H, 
=CCH3), l,41(s. 9H, t-butyl), 1.31(t,.6.3 Hz, 3H, -OCH2C/6). 1.308 (s,.9H, t-butyl). 

Example 6 

(Compound VII of Schem e 5. where R = /er/-butvl. R' = ethvl. R" = H. R'" = H) 
To 20.5 mL (84.34 mmol) of triethyl 3-methyl-4-phosphonocrotonate in 50 mL of THF 
at -78 °C. was added 52.7 mL (84.34 mmol) of 1.6 M n-BuLi. This solution was stiired 
for 30 min and then 8.49 g ( 28.1 1 mmol) of aldehyde VI was added in 50 mL of THF. 
The reaction was slowly wanned to room temperature while stirring overnight. Water 
(300 mL) was added, and extracted with EtOAc (300 mL), dried (MgS04), concentrated 
and purified by SiOj chromatography (10% EtOAc-hexanes) to give 10.5 gm (24.53 
mmol)ofVn. 'H.NMR(CDCl3)6 7.29(d,y=2.0Hz. lH,Ar«=H), 6.92 (d,y= 2.0 
Hz. IH, Ar-H), 6.68 (dd, y= 15.0 Hz. J » 1 1 Hz, IH, =CH). 6.26 (d, y= 15 Hz, IH, 
=CH). 6.23 (d. y = 1 1 Hz, IH, =CH). 5.76 (s, IH, =CH). 4.15 (m, 2H, CO2C//2CH3). 
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ExatihDig 7 

'««9>Je/,excq)t that lodoroethane was iKBrfinct-^ r- . 
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Eiample 9 

(L3. Compound VIII of Sche me 5. where R = tert-hutvl R' = n-nronvl. R" = H. 
compound was prepared in the manner previously described for 
Compound VIH in Example 7, except that iodopropane was used instead of iodoethane 
in Example 4. "H-NMR (CDCI3) 8 7.30 (d, y = 2.0 Hz. IH. Ar-H), 6.92 (d, J= 2.0 Hz. 
IH. Ar-H), 6.67 (dd,y= 15 Hz, J= 11 Hz. IH, =CH), 6.26(d.y= 15 Hz, IH, =CH), 
6.23 (d,y = 1 1 Hz. IH, =CH). 5.75 (s, IH. COCH). 3.89 (m, IH, C^sCH,). 3.69 (m. 
IH. C^2CH3). 2.27(s, 3H. CH3), 2.18 (s, 3H. CH3), 1.68 (m, 2H, CH3 ). 1.42 (s, 9H. t- 
butyl), 1.29 (s. 9H, t-butyl), 0.97 (t, J= 6.3 Hz, 3 H, CH3) 

Example 10 

(L4, Compound VIII of Scheme 5. where R = /g/t-butvl. R' = n-butvl. R" = H, 
^"''^H)- This compound was prepared in the manner previously described for 
Compound VIII in Example 7, except that iodobutane (or bromobutane) was used 
instead of iodoethane in Example 4. 'H-NMR (CDCI3) 5 7.29 (d, J= 2.2 Hz, IH, Ar- 
H). 6.96 (d, y = 2.2 Hz. IH. Ar-H), 6.60 (dd, 7= 15 Hz, 7= 1 1 Hz, IH. =CH). 6.26 (d, J 
= 1 5 Hz. 1 H, =CH), 6.23 (d, 7 = 1 1 Hz, IH, =CH), 5.70 (s, IH, COCH), 3.87 (m, IH, 
C//2CH3). 3.63 (m, IH, C//2CH3), 2.30(s. 3H, CH3), 2.21 (s, 3H, CH3), 1 .62 (m, 2H, 
CH3 ). 1.42 (s. 9H. t-butyl), 1.29 (s, 9H, t-butyl). 1.27 (m. 2H, CH3), 0.91 (t, J= 6.3 Hz. 
3H.CH3). 

Example 11 

(L5, Compound VIII of Schem e 5. vtliere R = fer/-butvl. R' = /i-heptyl, R" = H , 
This compound was prqjared in the manner previously described for 
Compound VIH in Example 7, except that bromoheptane was used instead of 
iodoethane in Example 4. 'H-NMR (CDCI3) 5 7.30 (d, J= 2.2 Hz, IH, Ar-H), 6.90 (d, 
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2.2 Hz, IH, Ar-H), 6.66 (dd, J= 15 Hz, J= 1 1 Hz. IH. =CH), 6.26 (d, 7= 1 5 Hz, 
IH, =€H), 623 (d, y= 1 1 Hz, IH, =CH), 5.70 (s, IH, COCH), 3.90 (m, IH, Ci^CHs), 
3.60 (m, lH, CH2CH3X 222(s, 3H, CH3), 2.16 (s, 3H, CH3), L68-1.29 (m, 8H, CH2 ), 
1 .40 (s, 9H, t-butyl), 1 .30 (s, 9H, t-butyl), 1 .27 (m, 2H, CH3), 0.86 (t, 6.3 Hz, 3 H, 
CH3). 

Example Ila 

flL104^ Compomid Villa of Scheme 5 where R= isopropyl. R* = faeptvt =H. 
and R"* = H) . Note: This compound was synthesized using the procedures illustrated in 
Scheme 5 starting fiom Compound Ua fiom Exanq>le la, the synthesis of which 
employed n-butyl Kthimn instead of methyl lithium as in Example.!. To a mixture of 
710mg of the ester of Compoimd Vila in 10 ml of ethanol was added 1 ml of 6 N 
NaOH. Ihe solution was heated to j^efhix, until completion (TLC monitoring). After 
cooling, Water was added and the mixture as extracted with ethyl acetate. The organic 
layer was washed with water and brine and dried over MgS04. The solvents were 
evaporated under reduced pressure, and the residual oil was crystallized fipm 
acetonitrile to yield 120 mg of Compound VHIa. 'H NMR (CPCI3): 6.92 (d, IH), 6.66 
(m, IH), 6.22 (m, 3H), 6.72 (s, IH), 3.88 (m, IH), 3.62 (m, IH), 2.68 (m, IH), 2.44 (m, 
IH), 1.77 (m, 2H), 1.53 (d; 1.44 (m, 6H), 2.98 (t, 2H), 1.76 (m, 2H), 1.55 (m, 4H), 
1 .54 (d, 6H), 1 .43 (d, 6H),1 .27 (d. 6H), 0.96 (m, 6H). 

Example 12 

(L6. Compound Vm of Scheme 5. where R = isonrppvL R' =ii-rbutvl. R" = H. 
R"* = H). This compound was prepared in fte manner previously described for 
Conq^ound VIU in Example 7, except that 3,5 di-isopropyI-4-hydroxybenzoic acid was 
used instead of 3,5 di-rerr-butyM-hydnoxybenzoic acid in Example 1, and iodobutane 
was used instead pf iodoethane in Example 4. 'H-NMR (CDCI3) 6 7.02 (d, J= 2.2 Hz, . 
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lH,Ar-H),6.72(d,y=2.2H2, IH, Ar-H),6.57(dd,y= 15Hz,y= II Hz, 1H,=CH), 
6.24(d,y=15Hz,lH,=CH),6.18{d,y=ll Hz, 1H,=CH), 5.73 (s, 1H,C0CH), 3.62 
(mb, 2H, O^CHj). 3.37 (m, IH, CH), 2.85 (m, IH, CH), 2.20(s. 3H, CH3), 2.13 (s, 
3H, CH3), 1 .62 (m, 2H, CH2 ), 1 .44 (m, 2H. CHj), 1 .27 (d. 6H. CH3). 1 .24 (d. 6H , 
5 CHj), 0.91 (t, y = 6.3 Hz, 3 H, CH3). 

Example 13 

(L7. Compound VIII of Scheme 5. where R = isopropyl. R' = «-pentvl. R" = H^ 
R"' = H). This compound was prepared in the manner previously described for 
Compound VIII in Example 7, except that 3,5 di-isopropyl-4-hydroxybenzoic acid was 

10 used instead of 3,5 di-ter/-butyl-4-hydroxybenzoic acid in Example 1 , and iodopentane 
(or bromopentane) was used instead of iodoethane in Example 4. 'H-NMR (CDCI3) 
6 7.04 (d. J = 2.2 Hz, IH, Ar-H), 6.74 (d. J= 2.2 Hz, IH, Ar-H), 6.57 (dd, J= 15 Hz. 7 
= 1 1 Hz, IH, =CH), 6.24 (d, 7 = 15 Hz, IH, =CH), 6.18 (d, J= 1 1 Hz, IH, =CH), 5.73 
(s, IH. COCH), 3.62 (mb„2H, CH2CH3), 3.33 (m, IH, CH), 2.89 (m, IH, CH), 2.20(s, 

15 3H, CH3), 2.13 (s. 3H, CH3). 1.62 (ni, 2H, CHj ). 1 .44 (m. 4H, CHj), 1.27 (d, 6H, 
CH3). 1 .24 (d, 6H , CH3), 0.91 (t, y = 6.3 Hz, 3 H, CH3). 

Example 14 

(Compound III of Scheme S. where R = fgr/-butvl. R" = Ft. This compound 
was prepared in the manner previously described for Compound III in Example 2, 
20 except that triethyl-2-fluofo phosphono acetate was used instead of 

(carbethoxymethylene)triphenylphosphorane. 'H-NMR (CDCI3) 5 7.56 (d, J = 2.1 Hz, 
IH. Ar-H). 7.40 (d,y= 2.1 Hz, IH, Ar-H), 2.42 (d, J = 3 Hz, 3H, CH3), 1.51 (s, 9H, t- 
butyl), 1.36(s,9H,t-butyl). 
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Example 15 

fL20. Compound VIII of Scheme 5. where R ^tertAyutvl K = Ll.l- 
trifluorbeflivL R" = F> R"* — H). This cdmpouhd was prepiared in the manndr previously 
described for Compound VIII in Example 7, exc^t that I J.l-trijQuoro^-io^ 
wais used instead 6f^^ 135 {d, J- 

lABz, IH), 6.99 (ci.V=2.4Hz, IH), 6.59 (d, 7= 15.6 Hz, IH), 6.41 (dd,y-25.9. 15.6 
Hz, IH), 5.90 (s> IH), 4.15 (qiiintet, J=BABz, IH), 4.02 (quintk, J= 8.4 Hz, IH), 
2J7^d,y=3.5H2; 3H)/2.14 (s, 3ir>;i.41 9H), 1.30 (s, 9H). 

Example 16 

(fcbznpound IV of Scheme 5: where R = rgrr^butyj R" = F); This compoimd was 
ptq>ared in the manhor previously desdribed for Compbixhd IV in Exainple 3, except 
that 3-lmbio^metKyl-7,9-di-/e7t-bu^yrci>umam was uised instead 4-methyI-T7,9-di-/erf- 
butyl coumarin in Exsmple 2. TV was directly used in the nekt step. 'H NMR (400 
MHz, CDOaXS: 725 (3,7=2.1 Hz, IH), 6.90 (d, 7=2.1 H^ IH), 4.95 (broad^^ IH), 
4.09 (m, 2H), 2.00 (d, 7= 3.6 Hz, 3H), 1 .98 (broad m, IH), 1.41 (s, 9H), 1.28 (s, 9H). 

Example 17 

rCompoundV of Scheme 5. wfaereR =7g/t-butvL R^= l,lHdifluoroetfa\l R" = 
F). This compound was prepared in the manner previously described for Compound V 
in Examiple 4. excq>t that of Z-2-£luoio-3-f2-(2,2-difluoioethoxy>3,5-di-rerf- 
butylbeiizene] crotyl alcohol was used instead of 3-[2-(2,2-difluoroethoxy)-3^-di-^/err- 
butylbenzene] crotyl alcohol IV in Example 3 (4.7 mmol, yield = 88 5i) of V. 'H NMR 
(400 MHz, CDCI3) 5: 729 (d.7=2.1 Hz, IH), 6.99 (d,7=2.1 Hz, IH), 6.08 (dt,y= 
55 J, 4.0 Hz, IH), 4.00 (m, 4H), 2.08 (d, 7= 3.6 Hz, 3H), 2.01 (broad ^ IH), 1.39 (s, 
9H), 1.29(s,9H). 
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Example 18 

(Compound VII of Scheme 5. where R tert-hutwl R* = 1.1-difluoroethvL R" = 
R R"' = H). To a mixture of 365 mg (1 .02 mmol) of VI and 179 mg (1 .52 mmol) of 
NMO in 10 ml of CH2CI2 was added 18 g (0.05 mmol) of TPAP in one time. The 
mixture was stirred at room temperature until the reaction was complete (TLC analysis). 
The mixture is filtrated over a short pad of silica gel and the solvent evaporated. The 
crude aldehyde was directly treated with the anion of ethyl-3-methylphosphono 
crotonate (prepared from 1.0 g -3.8 mmol- of triethyl-3-methylphosphonocrotonate and 
2.9 ml of wBuLi in a 10/1 THF/DMPU mixture at - TS'^C) at - TS'^C. The mixture is 
allowed to warm-up to room temperature anjd the solvents are evaporated. The crude 
ester was purified oyer a short silica gel plug (eluent: 5/95 ethyl acetate/hexane) to 
afford 414 mg (0.89 mmol, yield « 87 %, 2 steps) of Vn. 'H NMR (400 MHz. CDCI3) 
8: 7.33 (d, 7= 2.4 Hz, IH), 6.99 (d, 7= 2.4 Hz, IH), 6.56 (d, 15.7 Hz, IH), 6.37 (dd, 
J= 26.3, 15.7 Hz, IH), 5.97 (dt,y= 55.1, 3.9 Hz, lH),5.87(s, 1H),4.15 (dd, J= 15.6, 
7.2 Hz, 2H), 4.07 (m, IH), 3.89 (m, IH), 2.16 (d, 7= 3.5 Hz, 3H), 2.12 (s, 3H), 1.40 (s, 
9H), 1.26 (s, 9H), 1.24 (t, y=f 7.2 H, 3H). 

Example 19 

fL21. Compound VIII of Scheme 5, where R == terZ-butvl R' = IJ- 
difluoroethvl, R" = F, R'" = H). This compound was prepared in the maimer previously 
described for Compound VHI in Example 7, except that ethyl (2E, 4E, 6E)-3-metiiyl-6- 
fluoro-7-[2-(2,2"difluoroethoxy)-3,5-di-/err-butylbenzene] octatrienoate was used 
instead of ethyl (2E, 4E, 6E)-3-methyl -7-[2-(2,2-difluoroethoxy).3,5-di-/er/- 
butylbenzene] octatrienoate in Example 6 (yield: 58 %) of VII. ^H NMR (400 MHz, 
CDCI3) 5: 7.34 (d, 2.5 Hz, IH), 6.99 (d, 7= 2.4 Hz, IH), 6.59 (d, 15.7 Hz, IH), 
6.44 (dd,y= 25.8, 15.7 Hz, IH), 5.97 (dt, 7= 55.1, 3.9 Hz, IH), 5.90 (s, IH), 4.05 (m, 
IH). 3.88 (m, IH), 2.18 (d. J= 3.6 Hz, 3H), 2.13 (s, 3H), 1.40 (s, 9H), 1.30 (s, 9H). 
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]£xamble 20 

(L22. Compound Vin of Scheme 5; where R - rerr-arpyV - 
difluoibethvL R" = F. R"* H). This compoimd was prq>ared in the manner previously 
described for Compoimd Vni in Example 7, except that 3,5 di-tbrt-aniyl-4- 
hydroxybenzoic acid was used instead of 3,5 di-/err-butyl-4*hydroxybenzoic acid in 
Example 1, and difluoroethyl bnmu(ie Was used instead of iodoethane in Example 4. 
NMR (4001«H2, GbC1^6: 7.19^^(^ 1H), 6.91 2 J Hz, IH), 6.58 (d, J 

= 15:6 Hz, IH); 6.39 (dd, y = 26.1, 15:7 Hz^ IH), 5.96 (dt, 55:2, 3.9 Hz, IH), 5.«9 
(s, IH),3.99 (m, IH), 3:81 (rit IE), 2:i6 (d, y=3.5 Hz^3H)- 2:liW3H), (dd;y= 
15.0; 7.5 Hz, 2H), i;59 (dd, '/=15A7.5Hz,2H), 1J7 (s; 3H), 136 (si 3H), 1.26 (s, 
3H), 1.25 (s, 3H), 0.67 (dd,y= 7.5, 2.8 Hz, 3H), 0.65 (ddiV^ 7.5, 2.8 Hz, 3H). 



Example 20a 

(LIS. Compound VHI of SchemeS^^fiere R = teri-dmyl R' = KI- 
difluoiibethvL R" = R^ = H). This compound was prepared in the inariher previously 
described for Compound VIQ in Example 7, exodpt that 3,5 di-tert-amyl-4- 
hydroxybdizoic acid was used instead of 3,5 di-/er|-butyl-4-hydroxybenibic acid in 
Exiampie i, aiid difluorodtfiyllxFomide was used instead of iodoethane in Example 4. IH 
NMR (CDCD): 6.92 (s, IH). 6.96 (s, IH), 6.66 (m, 3H), 6.28 (m. 3H), 6.06 (m, IH), 
5.95 (m, IH), 5.42 (m, IH), 3.88 (hm, 2H),2.22 (s, 3H), 2:07 (s, 3H), 1.77 (m, 2H), 
1.64 (m, 2H), ), 1.38 (s, 6H), 1.28 (s, 6H), 0.68 (m, 6H). 

Example 21 

flL23> Compound Vm of Scheme 5, where R = /err-butvL R' =1.1.1* 
trifluoroetfavL R" = H. R"* = H). This compound was prepared in the manner previously 
described for Compound Vm in Exanq>le 7, except that 2,2,2-difluon>-bromoe(hane 
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was used instead of iodoethane in Example 4. 'H NMR (400 MHz, CDCI3) 5: 7.31 (d, J 
= 2.4Hz, IH), 6.95 (d, J = 2.4Hz, IH), 6.59 (dd, J = 15.3 Hz. 1 1.0 Hz, IH), 6.29 (d, J = 
4.3 Hz, IH), 6.28 (d, J = 14.7 Hz, IH), 5.96 (dt, J = 55.3 Hz, 4.3 Hz, IH), 5.78 (s, IH), 
3.95 (m, 2H), 2.22 (s, 3H), 2.15 (s, 3H), 1.41 (s, 9H), 1.30 (s, 9H) 

Example 22 

YL13. Compound Vin of Scheme S. where R = /e/7-butvL R' = 1.1- 
difluoroethvL R" = H. R^ = H). This compound was prq>ared in the manna- previously 
described for Compound VIU in Exan^)le 7, except that 2,2-difIuoro-bromoethane was 
used instead of iodoethane in Example 4. 'H NMR (400 MHz, CDCI3) 8: 7.3 1 (d, J = 
2.4H2, IH), 6.95 (d, J = 2.4Hz, IH), 6.59 (dd, J = 15.3 Hz. 1 1.0 Hz, IH), 6.29 (d, J = 
4.3 Hz. IH), 6.28 (d, J = 14.7 Hz, IH). 5.96 (dt, J = 55.3 Hz, 4.3 Hz, IH), 5.78 (s, IH), 
3.95 (m, 2H), 2.22 (s, 3H), 2.15 (s, 3H), 1.41 (s. 9H), 1.30 (s, 9H) 

Example 23 

(L24. Compound VIH of Scheme 5. where R = isopropvL R' = 1-fluoropiopvl. 
R" = H. R"* = ff). This compound was prepared in the manner previously described for 
Compound VIII in Example 7, except that 3,5 di-isopropyl-4-hydroxybenzoic acid was 
used instead of 3,5 di-/er/-butyl-4-hydroxybenzoic acid in Example 1 , and 3-fluoro-l- 
bromopropane was used instead of iodoethane in Example 4. 'H-NMR (CDCb) 
8 7.02 (d, y = 2.2 Hz, IH, Ar-H), 6.72 (d, 7= 2.2 Hz, IH, Ar-H), 6.57 (dd, 7= 1 5 Hz, 7 
= 1 1 Hz, IH, =CH), 6.24 (d, 15 Hz, IH; =CH), 6.20 (d, J- 1 1 Hz, IH, =CH), 5.73 
(s, IH, CCX:H), 4.65 (m, IH), 4.55 (m, IH), 3.75 (m, 2H), ), 3.25 (m, IH, CH3-CH- 
CH3), 2.85 (m, IH, CH3-Cfi^CH3), 2.22 (s, 3H), 2.22 (s, 3H), 2.01 (m, 2H), 1.25 (m, 
12H). 
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EMmtfie24 

<fc25. Cbnipoimd Vin of Scheme S. whe re R = isopropS^ R' = 3- 
hvdibxvpropvl R" = Hi R"* = HI. ITiis ccmipound was prq)aied in fte mannra- 
previously desoibed fcff Compound vm in Example 7, except that 3,5 di-isopropyl-4- 
hydroxybCTZoic add was used instead of 3,5 di-rert-bdtyl-4-Kydroxyberi2oic acid in 
Example l/j^d 3-flu6ro-l-broin(^ropane wais irastead-of iodoefliane in Example 4. 
"H-NHfll (CDGb) 5 7.02 (d, J=l2 Hz. IH. Ar-H), 6.72 (d, 7= 2.2 Hz, IH, AjsH), 6.57 
(dd, /= ^ 5 Hz. J= 1 1 Hz. IH: =CH), 624 (d. 7= 15 Hz, IH, =01), &20 (d, J= 1 1 Hz, 
i IH. =eH), 5:73 (s, IH, COCH). 3.75 (ifa, 2H). ). 3.25(m, IH, CHrCJy^), 2.85 (in. 
IH, CH3-Cff-CH3X 2.22 (s, 3H), 222 (s, 3H), 2.01 (m, 2H)i i:25 (m. 12H). 

Ejcample^S 

fli26; G6na)ound WH of Sdieanie S; wfaere3t = i soiiabpyL R? =^1.1^2 J2- 
fetiafluoropiop vI r R"^ HL R? =m This compound was prepared in ttie manner 
previously descnTjed for CompbTmd Vm in Example 7, except that3,5 di-isopric)pyl-4- 
hydroxyboizbic add was used instead of 3,5 di-/err-butyl-4-hydroxyben2oic acid in 
Example'l, and I,l,2,2-tetiafhi6rc)-brom6-propane was used instead of iodoisthahe in 
ExaiSple 4. ^H NMR (400 MHz, CDQa) 5 7.07 (d. J= 2.1 Hz. IH. Xr-H). 6.79 (d, 7 = 
2.1 Hi, IH, Ar-H), 6.51 (dd,/= 15.3 HZi /= 10.9 Hz, IH, C=<M0. 6-30 (d, y= 15J 
Hz, la C=CH). 6:28 (d, y= 15 J Hz. IH, CMT-H). 5.98 (tt, J= 53.1 Hz, 5.2 Hz, 
IH. R-6^2^2-Cyy?), 5.78 (s, IH, G=C-H). 3.99 (m, 2H, R-O-C^-CFz-CFjH), 
3.27 (m, IH, CHi-Cfir-GHaX 2.88 (m, IH. CHrCH-CHa). 2.19 (s, 3H. CH3); 2.13 (s, 
3H, CH3), 1.25 (d. /= 5.3 Hz, 6H, CHrCH-CHs), 1.23 (d, /= 7.4 Hz. 6H, CHrCR- 
CHi). 
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Example 26 

flL27. Compou nd VlII of Scheme 5. where R = /gr/-butvl. R' = 1 .1 .2,2- 
tetrafluoroproDvl. R"? ^ H. R"* =^ H> This compound was prepared in the manner 
previously described for Compound VIII in Example 7, except that 1 ,1 A2-tetrafluon>- 
bromo-propanc was used instead of iodoethane in Example 4. 'H NMR (400 MHz, 
CDCl3)5 7.32 (d.y=2.4Hz, IH, Ar-H).6.95(d.y=2.4H2. IH. Ar-H), 6.52 (dd.y= 
14.9 Hz, y= 11.3 Hz, IH, C=C-H), 6.29 (d,y= 15.3 Hz, 1H,C=CH), 6.28(d,y=9.3 
Hz, IH, C=C.H), 5.91 (tt, J= 53.0 Hz, 7= 5.0 Hz, IH. R-O-CHj-CFj-CF^^), 5.79 (s. 
IH, C=C-H), 4.10 (m, 2H, R-O-C/6-CF2-CF2H), 2.21 (s, 3H, CH3). 2.13 (s. 3H, CH3), 
1 .41 (s, 9H, 'butyl), 1 .30 (s, 9H, 'butyl). 

Example 27 

(L2S. Com pound VIII of Scheme 5. where R = isopropvl. R' = 1 . 1 , 1 - 
trifluoroethvl. R" = H. R'" = H). This compound was prepared in the manner previously 
described for Compound VTII in Example 7, except that 3,5 di-isopropyl-4- 
hydroxybenzoic acid was used instead of 3,5 di-/er/-butyl-4-hydroxyben2oic acid in 
Example 1, and 1,1,1 -trifluoro-bromo-ethane was used instead of iodoethane in 
Example 4. 'H NMR (400 MHz, CDCI3) 5 7.07 (d, J= 2.1 Hz, IH, Ar-H), 6.77 (d, 7= 
2.0 Hz, IH. Ar-H), 6.55 (dd, 7= 15.3 Hz, 7= 1 1.0 Hz, IH, C=C-H). 6.30 (d, 10.3 
Hz, IH, C=CH), 6.28 (d, J= 15.3 Hz, IH, C=C-H), 5.78 (s, IH, C=C-H). 3.99 (m, 2H, 
R-0-CH2-CF3), 3.35 (m, IH, CH3-C//-CH3). 2.87 (m, IH, CH3-CW-CH3), 2.21 (s. 3H, 
CH3), 2.14 (s, 3H, CH3), 1.25 (d,y= 6.1 Hz, 6H, CHrCR-CHj), 1.23 (d,/= 6.9 Hz, 
6a,CH3-CK-CH3). 

Example 28 

(L29. Compound Vni of Scheme 5. where R = / grf-amvl. R' = 1 . 1 . 1 - 
trifluoroethyl, R" = H, R'" = H). This compound was prepared in the manner previously 
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described for Compound VIII in Example 7, eiccept that 3,5 di-isoamyI-4- 
hydrojtiyl>aizoic acid was iised instead of 3,5 dI-ter^b«tyi-4-hydroxyben2oic acid in 
Exan^le 1, and l,i,l-fnflu<Ht)-brejno-eifliine was'^^^ instead of iodbefliime in 
Bcaibple4. 'H 1^(400 1^2, CT)di)&il9(d,y= 2.4 Hz, m,'Ar-fi)^ (diJ* 
2.4H2, IH, Ar-H). 6.5^ (dd,y= 15.4 Hz, 10.9 Hz, iH;x:«<:-H), 6.29 (d, j= 1 1.0 
Hz; iH, C=Ci0; eh >= 15.4 Hz, IH. C^-H), 5.78 (s. IH, C=C-H), 4.09 (m, 2H, 
R-b-C%-CT3), 2.20 (s, 3H, CH^, 2.13 (s, 3H, CH3), 1.79 (ni, 21^ 'amyl-CSfrCHs), 
1.60'(q/y= 7.4Hz,2H,'inyl-CAri^ lJt8 (s,3H,'amyl-C3l3). 137 (s,3H,'ffliayl- 
CH3), 1.26 (s, 3H, 'amyl-CHaX 1-25 (s. 3H, 'aiiiyl-CHil 0.66 (%J= 7.46, 6H, Wyl- 

Schemed 



o 




Scheme 6 is an alteniate route to dii^ suggested in SchSine 5 for introduction of 

fluorine at flie R' position of flje modulator compoimd. 
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Example 29 

(Compound II of Scheme 6. where R = rerr-butvK R' == Ll-difluoropropvn. To 
0.1 03g of sodium hydride (2.14 mmol) suspended in anhydrous DMF (10 ml) in a flame 
dried 25 ml r.b. flask at 0°C is added triethyl-phosphonoacetate (0.449 g, 2.01 mmol) 
dropwise. The mixture is allowed to stir for 0.2 hours. Compound I is then added 
dropwise (0.452 g, 1 .34 mmol) via solvation in anhydrous DMF (5.0 ml). The resultant 
mixture is allowed to warni to ambient temperature, and stirred for 18.0 hours. After 
such time» water (10.0 ml) is added and the mixture is allowed to stir for 0.3 hours. The 
aqueous lay^ was extracted with EtOAc. All organic layers were combined, washed 
(brine), dried (MgS04), and concentrated under reduced pressure. Purification by flash 
column chromatography (silica gel, hexanes/EtOAc, 9:1) yielded 0.47 g of II (86%) in a 
9: 1 £ to Z isomer ratio. Data for compound II. 'H NMR (400 MHz, CDCI3) 5 7.32 (d, J 
= 2.4 Hz, IH), 7.25 (dd, 7 = 15.3 Hz, J= 10.5 Hz, IH), 6.90 (d, 7 2.5 Hz, IH), 6.30 
(d, /= 1 1.5 Hz, IH), 5.98 (tt, J= 55.2 Hz, 4.1 Hz, IH), 5.87 (d, 7= 15.4 Hz, IH), 4.13 
(q,J=7.2Hz,2H),3.95(m, 2H), 2.24 (s, 3H), 1.41 (s,9H), 1.30(s,9H), 1.25(t,J = 7.1 
Hz, 3H). 

Example 30 

(Compound HI of Scheme 6. where R = /er/-butvl R' = Kl^difluoropropvl). To 
0.47 g of II (1.15 mmol) dissolved in anhydrous diethyl ether (15 ml) in a flame dried 
25 ml r.b. flask at O^C is added lithium aluminum hydride (0.043 g, 1 .15 mmol) portion 
wise. The resultant mixture is allowed to slowly warm to ambient temperature, and 
stirred for 4.0 hours. After such time, water (10.0 ml) is added and the mixture is 
allowed to stir for 0.3 hours. The aqueous layer was extracted with EtOAc. All organic 
layers were combined, washed (brine), dried (MgS04), and concentrated under reduced 
pressure. Pmification by flash column chromatography (silica gel, hexanes/EtOAc, 9:1) 
yielded 0.335 g of III (80%). Data for compound III. 'H NMR (400 MHz, CDClj) 
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5 7^8 (d,y=2.5 Hz, IH), 6.92 (d,/=2.5 Hz, IH), 6.15 (m, IH). 5.99 (tt, 55J Hz. 
4.1 Ife, IH), 5.82 (d, y= 10.9 Hz, IH), 5.81 (d, / = 12.0 Hz, IH), 3.86 (m, 4H), 2.14 (s, 
3H). 1.40 (s, 9H)i 130 (s, 9H). 

Fram ple 31 

(rompound IV of Scheme wT^fefe'R ferf- butvl. R' = 1 .l-difluoropropyl). To 
0J35 g of octo^und ID (0.914 mmol) dissolved in aiftydnJus CH2CI2 (10.0 ml) in a 
flaine &i6d 25 ml r.b. flask is kda 4-Methyteorph6Ime NWae (0.161 & 137 mihol) 
followed ijy Tedrapn^jdamincHuiin'i^^ (0:01 6 g, 0.046 miiibl). n»e resulting 
nmfene is stirral-at aiHbient tOTperatufe for 1 .0 houts. Aflw sudi tiibe, flie:Teacdbn 
niixtineis filtered throu^ a plug of aliici gel (eluding wiffi Cff2a2) and amcaitratfed 
under reduced pressure to 3ddd'0.26rg of IV (8^^^^^ DatafiH-c6ii4jpiind IvJH NMR 
(400-MHz, COas) 5 9.40 (d, J= 8.0 Hz, m/737 (d, 2J$ H^^ IH), 7.04 (dd, /- 
15.2 iiz,J= 11.4 Hz, IH), 6.93 (a.y= 2.4 Hz, IH), 6.46 (d,/* 11:0 Hz, 1H),6.1^ (dd, 
y= 15.3 Hz, SiOHz, IH), 5.97 (tt^ WiHz,V=4.1 Hz, IH), 3.94 (m, 2H), 230 (i^ 
3H),1.42(s,9H),lJl(s,9H). 

Example 32 

rComponnd V of Scheme 6: wH(^1l = f erf-butvl. R* = 1 - 1 -difliiorPDroDvn. To 
0.261 g of COTipound IV (0.717 mmol) dissolved in anhydrous diethyl ether (15.0 ml) 
in a fline dried 25 rnl r.b. flaisk at O'C is added mediyl magnesium bromide (0.789 
nunol, 0.26 ml of 3.0 M solution in e&er) dropwise via syringe. The resultant mixture 
is kept at 0°C for 2.0 hours. After sudi time sat hfflUQ (5.0 ml) is added and the 
mixture is allowed to warm to room temperature. At room temperature, Ae mixture is 
filtered throu^ aplug of silica gd (chiding with hracanes/EtOAc 9:l) ind concentrated 
lindCT reduced pressure to yield the erode product mixture. Purification by flash column 
chromatography (^c& gel, hexanes/EtOAc, 9:1) yielded 0.232g of V (85%). Data for 
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compound V. 'H NMR (400 MHz, CDCI3) 5 7.28 (d, 7= 2.5 Hz, IH), 6.93 (d, J= 2.3 
Hz, IH), 6.05 (m, 2H), 5.85 (tt,y= 56.3 Hz, J= 4.1 Hz, IH), 5.74 (dd,y= 13.9 Hz.y= 
6.3 Hz, IH), 4.26 (m, IH). 3.98 (m. 2H), 2.14 (s, 3H), 1.40 (s, 9H). 1.30 (s. 9H). 1.24 
(d,7=6.4Hz,3H). 

Example 33 

(Compound VI of Schem e 6. where R = rerf-butvl. R' = l.l-difluoropropvl). To 
0.232 g of compound V (0.612 mmol) dissolved in anhydrous CH2CI2 (10.0 ml) in a 
flame dried 25 ml r.b. flask is added 4-Methylmoipholine N-oxide (0.107 g, 0.92 mmol) 
followed by Tetrapropylammonium perruthenate (0.01 1 g, 0.031 mmol). The resulting 
mixture is stiired at ambient temperature for 1 .5 hours. After such time, the reaction 
mixture is filtered through a plug of silica gel (eluding with CH2CI2) and concentrated 
under reduced pressure to yield 0.120 g of VI (52%). Data for compound VI. 'h NMR 
(400 MHz, CDCI3) 8 7.34 (d, 7= 2.5 Hz, IH), 7.06 (dd, J= 15.7 Hz. y = 1 1 .2 Hz, IH), 
6.93 (d,y=2.5Hz, IH). 6.32 (d.y= ll.OHz, IH), 6.12 (d,7= 15.7H2, IH). 5.96 (tt,y 
= 55.1 Hz, y= 4.1 Hz. IH). 3.95 (m, 2H), 2.27 (s, 3H), 2.15 (s, 3H), 1.42 (s. 9H). 1.31 
(s,9H). 

Example 34 

(Compound Vn of Schem e 6. where R = /gr/-butvl. R' = 1.1-difluoropropvn. 
To 0.019 g of sodium hydride (0.41 1 mmol) suspended in anhydrous DMF (2.0 ml) in a 
flame dried 10 ml r.b. flask at O'^C is added triethyl-2-fluoro-2-phosphonoacetate (0.092 
g, 0.379 mmol) dropwise. The mixture is allowed to stir for 0.3 houre. Compound VI 
is then added dropwise (0.120 g, 0.316 mmol) via solvation in anhydrous DMF (3.0 
ml). The resultant mixture is allowed to stir at 0°C for 2.0 hours. After such time, 
water (5.0 ml) is added and the mixture is allowed to stir for 0.3 hours. The aqueous 
layer was extracted with EtOAc. AO organic layers were combined, washed (brine), 
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dried (MgS04), and concentrated imder reduced pressure. Purification by flash column 
chromatography (silica gel. hexanes^tOAc. 9:1) yielded 0.135 g of VII (921%) as a 1 :1 
i to Zisomer ratio. Data for compound vn. 'H NMR (400 MHz, CDO^) 5 731 (d. 7= 
2.6 Hz, IH), 6.96 (^7=23 Hz, IH). 6.79 (d,V= 15.5 Hz, IHX 6.49 (dd,y= 15.4Hz, 7 
= 1 1.1 Hz, IH), 6.35 (d, y- 1 1.0 Hz. IH), 5.97 (tt, 7= 553 Hz, J" 4.1 Hz, lit), 4.30 
(q, y = 73 Hz, 2H). 3.95 (m, 2^221 (s, 3H), 2.07 (d, 7 = 3.0 Hz, 3H), 1.41 (s. 9H), 
136 (t,y= 7.1 Hz. 3H), 1.31 (^^9H). 

Example 35 

fI30. Compound Vll of Scheme 6. where R = fer f-butvd. R' = 1.1- 
difluoroethvn. To 0.135 g of compound Vn (0.289 mmoT) dissolved in efljanol (10.0 
ml) in a 25.0 ml r.b. flask is added 2 M aqueous UOH (0.868 mmoO- The resultant 
mixture is heatad ta-6b°C for 7.0 hours. After such time, the reaction is cooled and 
concentrated under reduced pressure. The residue is taken up m 1 N aqueous HQ (10.0 
ml). The flask is sealed and shaken for 1.0 minute. The resultant suspension was 
extracted with EtOAc All orgam'c layers were combined, washed (brine), dried 
(MgS04), and ccmcentrated under reduced pressure. The crude reaction mixture is 
purified using HPLG (80:20:0.1 MeOH, H2O, TFA). The purified 2-Z isomer is 
reaystallized fiom Acetohitrile to yield Vm as a white cryst^ine solid. Data for 
compound VHI. 'H NMR (400 MH?, COaa) 5 732 (d. V = 2.5 Hz, IH), 6.95 (d. 
2.4 Hz, lH),6.76(d,/=153 Hz, lH), 6.56(dd,>= 15.41^,7= 11.0 Hz, IH), 635 (d, 
y= 10.8 Hz, IH), 5.96 (tt,y= 553 Hz,7=4.1 Hz, IH), 3.96 (m. 2H). 2.23 (s. 3H), 2.08 
(d. y= 3.1 Hz, 3H), 1.41 (s, 9HX 1.30 (s, 9H). 
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In a preferred embodiment, Scheme 7 shows the synthetic method employed in 
Examples 36-46- Scheme 7 corresponds to the general synthetic method shown in 
Scheme 4 for the production of coumarin intermediates (e.g.. Structure XIV). The 
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cbWin mtennediates as Shown above are to con^ 

inodulator con^unds aspreviously d^^bed and as sho>^ in the foUowing ^les. 

Erample 36 

^n.rr^..A TY nf Sche-- ^1^^ T> = i^nio°vI^ To 3>Diisppropylsalicylic 
acid I (75 6 g, 0:34 mol) in a 300 itiL romid bottom flask was added 150 mL of 
quinbline. He resulting mixtuie wa^ heated to 210 °C for 4.0 hours, cooled to room 

teniperaturkdissolVed^^^ 

The o^c layer was wasS^ (Water thei faine); dried (M^O^ and concentrated • 
und^ r^u^ pressure. The crude product was purified by vacnum distillaticb (1mm 
Hg, collecting the fraction between lOO^-lO^^C) to yield 5010 g (0.28 ihbl) of 
Compound IX as a clear, pale yeDow oil (82% yield). 'H NMR (400 MHz, CDQ^) 
57:65 (d.J-2.1 Hz, IH^Ar^.6.93 (dd, J=^ 8.2 Hz. J = i2H2? IH;^H)^6.68 (d. J 
-.'8L2 IH. Ar-H), 4.53 (s, IH. R-OH). 3.19 (m. IH, Ca.-CH-CH^), 2.85 (lii, ^ 
CH3:Cff-CH|). i.27 (d. J = 6.8i^ 6IS CHrCH^sh 1-23 (d. J-6.8 Hi^«H. Cffs- 

F.Tinn ple 37 

fn^wXnfSd.err-'^ ^^P^^isonroovl). To 52.2 g (0.293 mol) of 
Comi«mKllXdissblvedb400inLof CTiCn^ in a 1 liter round bottom flask was added 
72 6 g (0.322 moD of N-Iodosuccinhnide (N3S) and 5.6 g (0.029 mol) of p-toluene 
sulfuiic acid (pTSOH). The resultant mixture was stirred at ambient temperature for 3.0 
hours. Alter such time, 500 ml of 10% aqueous Na^SzCb was added and the reaction 
ndxture was stined for an additional 0.5 hours. ITie aqueous layer was then separated 
^ extracted with CHjCfc (2 x 400 mL). Tie organic layers were ombined, washed 
(10«/. aqueousNa2S203.then water, then brine), dried (M^O.) and concentrated under 
r^iuced pressure to give 89.1 g (0.29m6D of X as a deep red oU (99% yield). 'H NMR 
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(400 MHz, CDCI3) 8 7.33 (d, J = 2. 1 Hz, IH, Ar-H), 7.00 (d, J = 2.0 Hz, IH, Ar-H), 
4.83 (s, IH, R-OH), 3.28 (m, IH, CHyCH-CH^l 2.80 (m, IH, CH3-CW-CH3), 1.23 (d, J 
= 6.8 Hz, 6H, CHs'CH'CHsX 1.21 (d, J = 6.8 Hz, 6H, C/Zj-CH-C/Tj). 

Example 38 

(Compound XI of Scheme 7, where R = isoDropvn. To 1 .6 g (0.04 mol) of 
sodium hydride dissolved in 225 ml of anhydrous N,N-Dimethyl-formamide (DMF) in 
a flame dried 500 ml round bottom flask at 0 ^C. was added diopwise 10.0 g ( 0.033 
mol) of Compound X in 25 mL DMF. The mixture was stirred at 0 for 0.5 hours 
followed by dropwise addition of 3.22 g ( 0.04 mol) of methyl chloromethyl ether. The 
resultant reaction mixture was allowed to wann to ambient temperature and stirred for 
3.0 hours. The contents of the flask were poured into iced brine (200 ml) and stirred for 
0.5 hours. The aqueous layer was extracted with diethyl ether (2 x 200 mL) and the 
organic layers were combined, washed (brine), dried (MgS04) and concentrated under 
reduced pressure. The concentrated product was filtered through a silica gel plug 
(eluting with diethyl ether) and concentrated under reduced pressure to give 1 1.3 g 
(0.032 mol) of XI as a red oil (97% yield). ^H NMR (400 MHz, CDCI3) 5 7.42 (d, J = 
1.8 Hz, IH, Ar-H), 7.06 (d, J = 1.8 Hz, IH, Ar-H), 5.05 (s, 2H, R-O-C/frO-CHa), 3.65 
(s, 3H, R.0-CH2-0-C//^), 3.40 (m, IH, CH3-C//-CH3), 2.81 (m, IH, CHj-Cif-CHa). 
1.26 (d. J = 6.5, 6H, CHs-CH-CHsl 1.21 (d, J = 6.6, 6H, CHs-CH-CHs). 

Example 39 

(Compound XII of Scheme 7. where R = isopropvl) , . To 1 0.0 g (0.029 mol) of 
Compound XI dissolved m 150 ml of a 1 :2 mixture of diethyl ether-THF in a flame 
dried 300 ml round bottom flask at -78 ""C, was added 21.9 mL (0.035 mol) of a 1.6 M 
solution of nBuLi in hexanes. The mixture was stirred at -78 ""C for 0.3 h followed by 
addition of 6.6 mL (0.058 mol) of trimethyl borate in one portion via syringe. The 
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resultant mixture is allowed to stir ait -78 for 0.5 h» wanned to ambient temperature, 
and stirred for a further 2 h. Aqueous HCl was added (30 ml of IN HCI) and the 
mixture stiired for an additional 0.5 h. The biganic layer was separated and the aqueous 
layer was extracted with EtOAc (2 x 30 ml). The orgamc layers were combined, washed 
(water, thdct 1 0% aqueous Na2S2Q3, then brine), dried (MgS64), and concentrated under 
reduced pf^siire. Puiificadon by flash cblumn chromatography (siUca -gel, 
hexancs/EtOAc, 9^1) yielded 6:6 g (0.025 mol) of XSi as a pale yellow oil (86% yield). 
'iTNMR (40) (d, J = 2.3 Hz, IH, Ar-I^), 733 (d, J = 2.3 Hz, IH, 

Ar-H), 5.94 (s, 2H, B(£W)2). 5.00 (s, 2H; R-0-Cft^CH3), 3.57 (s, 3H^ R-0-GHr(> 
C%),3.21 (m, mCH3'CH^3)»2;S9(m, IH, CH3-CH-CH3), 1.25 (d, J = 6.9, 6H, 
C^Tj^C/O); 1 :24 (d^ J = 6:^^^ 

Example 40 

fCompourid XIU of Scheme 7. where R = isopropvl). To 6.6 g (0.025 mol) of 
Compound Xn dissolved in 300 ml of 1:1 toluene-ethanol in a 500 nil roimd bottom 
flask, was add^d 7.86 g (0.027 mol) of ethyl-2-(trifhibromethyl sulfonyloxy)-! - 
cyclopentene-I-carboxylate, 5.3 g (0.05 mol) of 2 N aqueous NazCOa and 2.89 g 
(0.0025 mol) of tetrakis(tripheDylphosphine) palladium (0). The reaction mixture was 
heated to 90 for 15.0 hours, then cooled to room temperature, poured into brme (200 
ml), and stirred for 0.3 hours. The aqueous layer was extracted with EtOAc (2 x 200 
mL) and the orgamc layers were combined, dried QA^SOa), and concOTtrated imder 
reduced pressure. Purification by flash colunm chromatogr^hy (sihca gel, 9:1 
hexanes-EtOAc) gave 8.0 g (0:022 mol) of XHI as a yellow oil (89% yield): ^H NMR 
(400 MHz, CDCI3) 5 7.03 (d, J = 2J2 Hz, IH,' Ar-H), 6.77 (d, J =^ 2.2 Hz, IH, Ar-H), 
4.81 (s, 2H, R-OOTT-O-CHa), 3.98 (q, J = 7,1 Hz, 2H, COj-CHrCH^X 3.49 (s, 3H, R- 
OCH2-Oa6)> 338 (m, IH, CHs-Of-CHa), 2.82 (m, 5H, ring CH2, ring CH2, CH3- 
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a/-CH3), 1.99 (m, 2H, ring CH2), L22 (d, J = 6.8 Hz, 6H, CHs-CYL-CHsX 1.21 (d, J = 
6.8 Hz, 6H, O/i-CH-O/j), 0.95 (t, J = 7.1 Hz, 3H, CO^^^ 

Example 41 

(Compound XIV of Scheme 7, where R = isoproovn . To 8.0 g (0.022 mol) of 
Compound XIII dissolved in 150 ml of TUF in a 300 ml round bottom flask was added 
6 N aquetous HCl (25.0 ml, 0. 1 5 mol). The resulting mixture was stirred at ambient 
temperature for 65.0 hours. After such time, the solvent was removed under reduced 
pressure and the residue was taken up in water (100 ml). The aqueous layer was 
extracted with EtOAc (2 x 100 mL) and the organic layers were combined, washed 
(water then brine), dried (MgS04), and concentrated under reduced pressure. 
Purification by flash column chromatography (silica gel, 9:1 hexanes-EtOAc) gave 5.9 
g (0.022 mmol) of XIV as a yellow-orange oil which crystallized upon standing (99% 
yield). NMR (400 MHz, CDCI3) 5 7.28 (d, J = 1.7 Hz, IH, Ar-H), 7,10 (d, J = 1.8 
Hz, IH, Ar-H) 3.65 (m, IH, CH3-C//-CH3), 3.08 (t, J = 7.6 Hz, 2H, ring CH2) 2.93 (m, 
3H, ring CH2, CH3-C//-CH3), 2.21 (m, 2H, ring CH2), 1,29 (d, J = 7.4 Hz, 6H, C//rCH- 
CHs\ 1.28 (d, J = 7.2 Hz, 6H, CHj-CH-CHs). 

Example 42 

(Compound XV of Scheme 7. where R = isopronvlV To 2.0 g (7.4 mmol) of 
Compound XIV dissolved in 75 mL of anhydrous THF in a flame dried 200 ml round 
bottom flask at 0 ^C was added 400 mg (7.4 nrniol) of sodium aluminmn hydride 
portion-wise. The resultant mixture is allowed to warm to ambient temperature and 
stirred for 4.0 hours. After such time, water (0.14 ml, 7.4 mmol) was added, followed 
by 6 N aqueous sodium hydroxide (2.5 ml, 14.8 mmol). The resultant mixture was 
allowed to stir for 0.5 hours, filtered through a plug of silica gel (eluting with diethyl 
ether) and concentrated under reduced pressure to give 2.0 g (7.3 mmol) of XV as a 
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colorless ofl (99% yield). 'H NMR (400 MHz, CDCI3) 5 6.97 (d, J = 2.1 Hz, Ar-H), 
6.75 (d, J = 12 Hz, IH, Ar-H), 5.55 (s, IH. Ar-OH), 5.07 (s, 2H. R-a/rOH). 3.29 (m. 
IH. CH3-af-«l3), 2.82 (m, IH, CHj-Cfif-CHa), 2.70 (m. 4H. ring CH2), 2.02 (m. 2H, 
ring CH2^ 1.62 (br s. IH, R-CHrCttO. 1^25 (d. J- 6.9 Hz, 6H. Cff^-O?,). 122 (d, 
J»7.1H£6H,Cai-CT 

Examble 43 . 

; ftr^mroimdy^of SdiemeT liiiier^R = f ^ropVll R' = w-T?rop^^^^ To 2.0 g 
(730 ininoi) of Cpnqioin^^^ 

dimefli)§onnydde (D in a tone dnerf 200 M rouiid-bbtto& fla^ wWs added 1.00 
g (8.1 mmol) of l-bromopropane foDowed by 4.5 g (29.6 nimol) of ceshm fluoride. 
The mixture was allowed to stir at Abi^t traiiperature for 1 8.0 h. Water (100 ml) was 
added in^ the iniiture Ws^ al^ed tb stfr fir an aSditiozial b-S M -m aquebiis layer 
was ejrtrartal wth EtOAc (2 x 1 00 niL) arid^e orgmic layers were coniibined, WasHied 
0>me), <in"^ (J^gSO4),and^c^ PurifiCatian by flash 

colmrai cliiiniatography (silica gei, 9:1 hexaneS-EtOAc)yieidirf il5 g(6.79nQiiibl) of 
twiik a brbwTi oil (93«>. yield). 'H NMR (400 iVfflz, CDaj) 5 6.99 (d. J ^ 22 Hz. IH. 
Ar-H), 6.78 (d, J = 2.2 Hz, IH, Ar-H), 3^98 (d, J = 5.0 Hz, 2H; CHrGS), 3.57 (t. J = 6.7 
Hz, 2H, R-O-CHi^z-CHs), 332 (m, IH, CHj-CH'-aJa), 2,84 (m, IH, CH3-O/-CH3). 
2.74 (t, J = 73 Hz, 2H, ring CH2), 2.64 (t, J ^ 7.3 H^, 2H. ring CH2), 2.00 (m. ffl. ring 
CH2). 1.71 (m, 2H, %jd^r-CHi^i), 1-22 (d, J = 6^9 Hz, 6H, C/f5-CH-Ci7,), 1.17 
(d, J = 63 Hz. 6H, CHt^-CHsX 0.97 (t. J = 7.4 Hz. 3H, R-O-CHz-CHz-Ci?,). 

Example44 

frnm poimd XVH of Sdieme 7. whanei R = is npnipvl. R' = n-propvl). To 2.15 g 
(6.80imnol) of Compound XVI dissolved in 70 mL of anhydrous CHzOz in a flame 
(Ked 200 mi round bottom flask, was added 1 .19 g (10.2 mmol) of 4-methylmorpholine 
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N- oxide (MMNO) followed by 0. 11 9 g (0.34 mmol) of tetrapropylammonium 
pemithenate (TPAP). The resulting mixture was stirred at ambiait temperature for 1.5 
h. After such time, the reaction mixture was iiltered through a plug of silica gel (eiuting 
with CH2CI2) and concentrated under reduced pressure to yield 2.13 g (6.21 mmol) of 
XVII as a pale yellow oil (91% yield). 'H NMR (400 MHz, CDCI3) 5 9.69 (s, IH, 
CHO), 7.1 1 (d, J = 2.1 Hz, IH, Ar-H), 6.85 (d, J = 2.0 Hz, IH, Ar-H), 3.55 (t, J = 6.4 
Hz, 2H, R-O-O^-CHz-CHj), 3.33 (m, IH. CHs-OZ-CHa), 2.99 (t. J = 7.4 Hz, 2H, ring 
CH2), 2.87 (m, IH, CHj-C^-CHj), 2.72 (t. J = 7.5 Hz, 2H, ring CH2), 2.03 (m, 2H, ring 
CH2), 1.67 (m. 2H, R-O-CHz^Cft-CHa), 1.28 (d, J = 7.1 Hz, 6H, CHs-CH-CHj), 1.23 
(d, J = 7.0 Hz, 6H, CHj^-CHs), 0.96 (t, J = 7.4 Hz, 3H, R-O-CHz-CHj-CW,). 

Example 45 

(Compound XVIII of S cheme 7. where R = isoproDvl. R' = w-proDvl. R" = H). 
To 5.38 g (20.4 mmol) of triethyl 3-methyl-4-phosphonocrotonate dissolved in 60.0 ml 
of a 1 :2 mixture of THF-DMPU in a flame dried 200 ml round bottom flask at -78 *C, 
was added dropwise 1 3.6 mL (2 1 .7 mmol) of 1 .6 M nBuLi in hexanes. The mixture 
was allowed to stir for 0.3 h followed by dropwise addition,of 2.33 g (6.80 mmol) of 
Compound XVII in 1 0 mL of a 1 :2 THF-DMPU solution. The reaction mixture was 
allowed to stir at -78 "C for 0.5 h, wanned to ambient temperature, and stirred for an 
additional 2 h. Water (100 ml) was added and the mixture was stirred for 0.5 h. The 
aqueous layer was separated and extracted with EtOAc (2 x 100 mL), and the organic 
layers were combined, washed (brine), dried (MgS04), and concentrated under reduced 
pressure. Purification by flash column chromatogr^hy (silica gel, 9:1 hexanesrEtOAc^ 
gave 2.74 g (6.45 mmol) of XVIH as a yellow oil (95% yield). 'H NMR (400 MHz, 
CDC13) 6 7.03 (d, J = 2.2 Hz, IH, Ar-H), 6.85 (d, J = 15.8 Hz, IH, <:H) 6.79 (d, J = 
2.2 Hz, IH, Ar-H), 6.21 (d, J = 15.8 Hz. IH, -CH), 5.79 (s, IH. =CH). 4.15 (q, J - 7.1 
Hz. 2H, -CO2-C//2-CM3) 3.53 (t, J = 6.5 Hz, 2H, R-O-C/6-CH2-CH3), 3.34 (m. IH, 
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CH3-CW<M3), 2-86 (m, 3H, GHs-OT-CHa, ring CE^, 2.66 (t, J = 7.3 Hz, 2H, ring 
CHil 2.22 (s, 3H, CH3X 2.01 (m. 2H, ring CH2), 1.65 (m, 2H, R-O-CHz-Cft-CHs), 
1.27 (t, J = 7,1 Hz, 3H, -CQ2-CHrC%) 1 .24 (d. J = 7.0 Hz, 6H, CHrCR-CHsX 1.23 (d, 
J 6.8 Hz, 6H,ayr€H-C%), 0.950 (t, J = 7.4 Hz, 3H, R-O-CHj-CHz-Gfifi). 

Example 46 

(U&. Comt>oimd XIX of Scheme 7, where R = isoptodvL R' = w-propvl, R" = H). 
To 2.74 g (6.45 mmol) of Compound X^TO dissolved in 75 mL of ethanol in a 200 ml 
round bottom flask was added 1 0 mL (20.0 mmot) of a 2 M aqueous LiOH solution. 
The mixture was healed to 90 °C for 3.0 hours, then TOoled and concen 
reduced^jressure. The residue was taken up in 100 mL of 1 N aqueous HQ and the 
flask was shaken for 1 min. The resultant suspension was extracted with EtOAc (2 x 
100 mL) and the organic layers were combined, washed (brine), dried (MgS04), and 
concentrated under reduced pressure. The concentrate was filtered through a short plug 
of silica gel (eluting with EtOAc), concenfrated under reduced pressure and crystallized 
fi-om acetonitrile to give 2.41 g (5.68 mmol) of XIX as light yellow crystals (88% 
yield). ^H NMR (400 MHz, CDCli) 5 7.03 (d, J = 2.1 Hz, IH, Ar-H), 6.90 (d, J = 15.8 
Hz, IH, =CH) 6.79 (d, J = 2.1 Hz, IH, Ar.H), 6.23 (d, J = 15.7 Hz, IH, =CH), 5.81 (s, 
IH, =CH), 3.53 (t, J = 6.5 Hz, 2H, R-O-O/r-CHrCHa), 3.33 (m, IH, GHa-Cfi^-CHa), 
2.88 (m, 3H, CH3-CWCH3, ring CH2), 2.66 (t, J = 7.3 Hz, 2H, ring CH2), 2.23 (s, 3H, 
CH3), 2.03 (m, 2H, ring CH2), 1.65 (m, 2H, R-0-CH2-C%-CH3), 1.24 (d, J = 6.8 Hz, 
6H, CHrCH'CHs), 1.23 (d, J = 6.9 Hz, 6H, CHs-CH-CHs), 0.951 (t, J = 7.4 Hz. 3H, R- 
0-CH2-CH2-C%). 



SUBSTITUTE SHEET (RULE 26) 



wonnTTS'TTcr 



PCTAJSOO/25476 



Eiampie 47 

fL9. Compound MX of Scheme 7. where R = isopropvl. R' = »-butvl. R" = HI 
This compound was prepared in the manner previously described for Compound XIX in 
Example 46, except that bromobutane was used instead of bromopropane in Example 
5 43. 'H NMR (400 MHz, CDCI3) 5 7.03 (d, J = 2.1 Hz, IH. Ar-H), 6.90 (d, J = 15.7 Hz, 
lH,=CH)6.79(d,J = 2.1Hz, IH, Ar-H), 6.23 (d, J = 15.8 Hz, 1H.=CH).5.81 (s. IH, 
=CH), 3.57 (t, J = 6.4 Hz, 2H, R-O-C//2-CH2-CH2-CH3), 3.33 (m, IH, CH3-C7/-CH3), 
2.88 (m, 3H, CH^-CH-CHi, ring CH2), 2.67 (t, J = 7.2 Hz, 2H, ring CHj). 2.23 (s, 3H, 
CH3), 2.02 (m, 2H, ring CH2), 1.60 (m, 2H, R-0-CH2-C//2^H2-CH3), 1.41 (m, 2H, R- 
10 O-CH2-CH2-C/6-CH3) 1 .24 (d, J = 7.0 Hz, 6H, CHj-CH-CHj), 1 :23 (d, J = 6.9 Hz, 6H, 
CHj-CH-CHs), 0.906 (t, J = 7.4 Hz, 3H, R-O-CH2-CH2-CH2-C/6). 

Exaihpie48 

(LID. Compound XIX of Scheme 7. where R = isopropvl. R' = «-pentvI. R" = 
H). This compound wais prepared in the manner previously described for Compoimd 
1 5 XIX in Example 46, excqjt that bromopehtane was lised instead of bromopropane in 
Example 43. 'H NMR (400 MHz, CDCI3) S 7.03 (d, J = 2.3 Hz, IH, Ar-H), 6.90 (d, J = 
15.8 Hz, IH, =CH) 6.79 (d, J = 2.3 Hz, IH, Ar-H), 6.23 (d, J = 15.8 Hz, IH, =CH), 5.82 
(s, IH, =CH), 3.56 (t, J - 6.5 Hz, 2H, R-O-CffrCHj-CHj^JHz-CHs). 3.33 (m, IH. 
CH3-C//-CH3), 2.88 (m, 3H. CHj-CiZ-CHa, ring CH2), 2.67 (t, J = 7.4 Hz, 2H, ring 
20 CH2), 2.22 (s, 3H, CH3), 2.02 (m, 2H, ring CHj), 1 .63 (m, 2H, R-0-CH2-C7/i-CH2- 
CH2-CH3), 1.32 (m, 4H, R-0-CH2-CH2-a6-a/2-CH3) 1.24 (d, J = 6.9 Hz, 6H, CHj- 
CH-CHj), 1.23 (d, J = 6.9 Hz, 6H, CHj-CU-CHj), 0.89 (t, J = 7.0 Hz, 3H, R-O-CH2- 
CH2-CH2-CH2-CWi). 
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Example 49 

(L31, Compound XIX of Scheme 7. where R - isopropvl II' = 1.1.1- 
trifluorobTitN^ R" = H). This dampoxtad was prqiared in flie mahnier previously 
de^ribed for Cbmpoiaid XEX in Exan^Ie 46, except that 4,4v4-tri^6i6-'I -bronio- 
butaiie Was used, instead of broniq)iopahe iii Exasnpfe 43. 'H NMR (400 MHz^ GDCI3) 
5'7.04(d,7=2i2 Hz,' IH, Ar-H), 6i84(diy- ^5:8 ^^z, 111, C=CH). 6:§0 (d, / « 212 Hz, 
IH, Ar-H),^^4 (d,y= 15.8 Hz. IH, (>CH), 5.82 (s, iH. e=<M), 3.62 (1./= 5.9Hz, 
iH,R^C^HH2^2-CF3).326(ni, IH. CHi-iOT-GHs); 2:86 (m, 31^ dHj-CffCHj, 
ring dia), 2.68 (t, TJHz, 2H, nng CHi), 222 (s, 3H, CH3), 2.21 (in. 2H, R-OCH2- 
CSz-CHz-CFs), 2.03 (dt, 14.9 Hz,V« 7.4 Hz, 2H, ring CH2); 1 J87 (dt, J» 15.8 Hz, J 
= 5.9 Hz, m, R<I^CH2-C%-CH2<J3), 1 .24' (d. (5.8 Hz, 6H; CHrCS-Cff^, tJ2^ 
(d,J=6.9Hz,6H,CHrCa--CHj). 

Example 50 

(132; C6rm)6imd3SOrdf Scheme 7!."w1iereR^= =1.1- 
difluoroethVK R" = H). This compound was prepared in die manner previously 
described for Compound XIX in Exainple 46, except that 2,2-difluon>-l-bromo-ethane 
was used instead of bromopropane in Example 43. 'H NMR (400 MHz; CDCI3) 5 7.06 
(d, y = 2.1 Hz, IH, Ar-H), 6.84 (d, 7 = 1 6.5 Hz, IH, C=CH), 6.81 (d, /= 2.3 Hz, IH, 
Ar-H), 6.27 (d,y= 15.8 Hz, IH, C=CH), 5.90 (tt, 7 = 55.2 Hz, 7= 4.1 Hz, IH, R-O- 
Oiz-CFiH), 5.83 (s- IH, C=CH), 3.80 (td, /= 13.8 Hz, J= 4.1 Hz, 2H, R-ChCHi- 
CFjH), 3.33 (m, IH, CHi-CH-CFizX 2.87 (m, 3H, CHa-Cff-CHj, ring CHj), 2.69 (t, 
7.4 Hz, 2H, ring CHj), 2.22 (s, 3H, CH3), 2.04 (dt, 14.9 Hz, 7= 7.5 Hz, 2H, riiig 
CHzX 1.25(d,y=6.9Hz,6H, CHrCR-CHj), 1 .24 (d, 7 = 6.8 Hz, 6H, CHrCH-CHj). 
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Example 51 

fL33, Compound XIX of Scheme 7. where R = isopropvL R' = 1.1- 
difluoropropvl. R" = H). This compound was prepared in the manner previously 
described for Compound XIX in Example 46, except that J^-difluoro-l-bromopropane 
was used instead of bromopropane in Example 43. NMR (400 MHz, CDCI3) 5 7.05 
(d, y = 2.0 Hz, IH, Ar-H), 6.83 (d, J = 14.9 Hz, IH, C=CH), 6.81 (d. J = 2.3 Hz, IH, 
Ar-H), 6.25 (d, J = 1 5.8 Hz, IH, C=CH), 5.99 (tt, 7= 56.8 Hz, 7- 4,8 Hz, IH, R-O- 
CH2-CH2-CF2/0. 5.83 (s, IH, C=CH), 3.71 (t, 7 = 5.8 Hz, 2H, R-O-a/^-CHz-CFjH), 
3.24 (m, IH, CHj-OZ-CHa), 2.86 (m, 3H, CHa-O^-CHa, ring CH2), 2.69 (t, y = 7.2 Hz, 
2H, ring CH2), 2.21 (s, 3H, CH3), 2. 1 0 (m, 4H, R-O-CHj-Ci/^-CFzH, ring CH2), 1 .24 
(d,7=6.9Hz, 6H, C/Zj-CH-O/j), 1.23 (d, J=6.8Hz, 6H, Cf/i-CH-C/Zj). 

Example 52 

(L34^ Compound XIX of Scheme 7. where R = isopropvK R' = 1.1.2.2- 
tetrafluoropropvl. R" == HV This compound was prepared in the manner previously 
described for Compound XIX in Example 46, except that l,l,2,2-tetrafluort>- 
bromoprppane was used instead of bromopropane in Example 43. ' H NMR (400 MHz, 
CDCI3) 5 7.07 (d.y= 2.2 H2, IH, Ar-H), 6.82 (d,y= 2.2 Hz, IH, Ar-H), 6.77 (d,y= 
15.8 Hz, 1H,C=CH), 6.27 (d,J= 15.8 Hz, 1H,C=CH), 5.96 (tt, 7=53.2 Hz, J =5.1 
Hz, IH, R-O-CHj-CFa-CF^/0. 5.84 (s, IH, C=CH), 3.93 (t, J= 12.1 Hz, 2H, R-0-C//i- 
CF2-CF2H), 3.27 (m, IH, CH3-C//-CH3), 2.87 (m, 3H, CHj-C/T-CHa, ring CHj), 2.69 (t, 
y= 7.5 Hz, 2H, ring CH2), 2.21 (s, 3H, CH3), 2.04 (dt, 7= 14.9 Hz, y= 7.4 Hz, 2H, ring 
CH2), 1 .25 (d, y- 6.9 Hz, 6H, CT/j-CH-O/j), 1 .24 (d, 7= 6.8 Hz, 6H, CHj-CH-CHi). 
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FT«mpleS3 

(i^tS. ComDOiitW! XIX of Sctiem(^ 7. wliere R = teri-hM R' = 1,1^.2- 
tetraflMoroDropVll R" = HTi. This cbnqpound ^ prepared in the manner previously 
described fbr Confound XK in Example 46, except &at 3,5-ditert-butylsaIicyhc add 
was used instead of 3^-diis»propyisalic)*c add in Example 36 ahd l.U,2-teiiafluoro- 
bromoproparie was used instead of bromopropane in Example 43. 'H NMR (400 MHz, 
CDCis) 5 7-32 (d. /= 2:6li2, IH, Ar-H), ^.97 (d,y= 2.5 Hz. IH. J^-^ 6-74 (d, 7= 
15:8 Hz. IH. C=Cri). 6.26(d.y= 15.8 Hz, IH. C=<H); 5:S5 (^7=53.1 Hz, J=4.9 
Hz, IH, R-0^2-CF2-CF^^, 5-83 (s. IH. C=CH), 4:03 m 2H, R-O-Or^-CTz-CFiH). 
2-87 (m, 2H, riiig GHi), 2.68 (ni. 2H, ring CHa). 2. 1 9 (il, 7= 0:8 Hz; 3H, CH3), 2.07 (m, 
2H, ring CH2X 1 4 i (s, 9H, n^^^ 

Example 54 

fl .14, rnmpound XTX of Sdiemg^^-ii^ere R = ifioproDvl. R' = 1 -fluoroproml 
R'sPI). This confound was prepared in the manner previously described for 
Compound XIX in Example 46,' except that 3-fluor6- l-bromopropaiie was used instead 
of bromopropane in Exan^ile 43. 'H NMR (400 MHz, CDOa) 5 7 04 (d, 22 Hz, 
IH, Ar-lS, 6l86(d,y= 15.8ife. iH,C=CH), 6.81 (d, /=2.2Hz. IH, Ar-H), 6.24 (d,/ 
= 15.-^ Hz, IH. 0=CH). 5.82 (s, IH. C=Cm 4.57 (dt, >/= 47.1 Hz, 7= 5.8 Hz, 2H, R-0- 
CH2-CH2-CW), 3.69 5 9 Hz, 2H, R-O-CHi-CHz-CHjF), 328 (m, IH, CHj-C^- 
CH3), 2.86 (m, 3H; CHj-C^-CHj, ring CHj), 2-68 (t, 7= 7.4 Hz, 2H, ring CH2). 2.22 (s, 
3H, ciHa), 2.00 (m, 4H, R-O-CHj-C^-CHzF, ring CH2), 1 .25 (d, 7= 6.9 Hz, ^ CHt 
CH-C%), 1 .24 (d, y = 6.8 Hz, 6H. CFrCH-CfiTj). 
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Example 55 

rL36, Compound XIX of Scheme 7. where R = isopropyl. R' = l-fluoropropvl. 
R" =F). This compound was prepared in the manner previously described for 
Compound XIX in Example 46, except that triethyl 2-fluoro-3-methyl-4- 
phosphonocrotonate was used instead of triethyl 3-methyl-4>phosphonocrotonate in 
Example 45 and 3-fluon>- l-bromopropane was used instead of bromopiopane in 
Example 43. 'H NMR (400 MHz, CDCI3) 8 7.05 (d, 7= 2.2 Hz, IH, Ar-H), 6.85 (d, 7= 
15.9Hz, IH, C=CH), 6.81 (d, J=2.1 Hz, IH, Ar-H), 6.69 (d,7= 15.8 Hz, IH, C=CH), 
4.57 (dt, J= 47.2 Hz, J= 5.8 Hz, 2H, R-0-CH2-CH2-CHi/). 3.69 (t, J= 5.9 Hz. 2H, R- 
O-C/6-CH2-CH2F), 3.29 (m, IH, CH3-C//-CH3), 2.86 (m. 3H, CHj-CiZ-CHs, ring 
CH2), 2.73 (t, y= 7.4 Hz, 2H, ring CHj), 2.16 (d. 3.2 Hz, 3H, CH3), 2.01 (m, 4H, R- 
0-CH2-CHi-CH2F, ring CHj), 1 .24 (d, 7= 6.9 Hz, 6H, CH3-CH-CH3), 1 .23 (d, 7= 6.8 
Hz, 6H, CHj-CR-CHj) 

, Example 5Sa 

(L37, Compound XIX of Scheme 7. where R = ter/-butvl. R' = 1-fluoropropvl. 
R" = H). This compound was prepared in the manner previously described for 
Compound XIX in Example 46, except that 3,5-ditert-butylsalicylic acid was used 
instead of 3,5-diisopropylsalicylic acid in Example 36 and 3-fluoro- l-bromopropane 
was used instead of bromopropane in Example 43. 'H NMR (400 iVlHz, CDCI3) 8 7.28 
(d,y=2.4 Hz, IH, Ar-H), 6.97 (d.y=2.4Hz, IH, Ar-H), 6.85 (d.y= 15.8 Hz, IH. 
C=CH), 6.23 (d, J= 15.8 Hz, IH, C=CH), 5.82 (s, IH, C=CH), 4.54 (dt.y= 47.1 Hz,^ 
= 5.9 Hz, 2H. R-O-CH2-CF2-a/2/0, 3.75 (m. 2H, R-O-CH7-CF2-CH2F). 2.88 (m. 2H, 
ring CH2), 2.68 (t, /= 7.3. 2H, ring CHj), 2.21 (s, 3H, CH3), 1.99 (m, 4H, R-O-CH2- 
CHrCHzF, ring CH2), 1 .40 (s, 9H, 'butyl), 1 .30 (s, 9H, Wyl). 
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Scheme 8 



o 




xvm - xoc 



Scheme 8 provide an alternate route to that proposed in Scheme 7 for 
introduction of fluorine at position R' of the modulator compounds. 

Exaim»leS6 

. / Compound 11 of Scheme 8. wfag-e R = propyl, R' = 1 rfluoTDnropvn, To 0.1 14 g 

of sodium hydride (2.38 minol) suspended in anhydrous DMF (10 ml) in a flame dried 

25 ml r.b. flask at O^C is added trietbyl-phosphonoacetate (0301 g, 223 mmol) 

dropwise. The mixture is allowed to stir for 0.2 hours. Compound I is theu added 

dropwise (0.495 g, 1 .49 mmol) via solvation in anhydrous DMF (5.0 ml). The resultant 

mixture is allowed to warm to ambiait temperature, and stirred for 2.0 hours. After 

such time, water (1 0.0 ml) is added and the mixture is allowed to stir for 0 J hours. The 

aqueous layer was extracted with EtOAc. All organic layers were combined^ washed 
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(brine), dried (MgS04), and concentrated under reduced pressure. Purification by flash 
column chromatography (silica gel, hexanes/EtOAc, 9:1) yielded 0.60 g of II (100%) as 
the £-isomer exclusively. Data for compound II. NMR (400 MHz, CDCI3) 5 7.48 
(d, y = 15.6 Hz, IH), 7.05 (d, 7 = 2.0 Hz, IH), 6.76 (d, y = 2.2 Hz, IH). 5.80 (d, 7= 15.7 
Hz, IH), 4.58 (dt, y = 47.1 Hz, 5.9 Hz, 2H), 4.16 (q, 7.1 Hz, 2H), 3.68 (t. 7= 6.0 Hz. 
2H), 3.28 (m, IH), 2.85 (m, 3H), 2.65 (t, J= 7.5 Hz, 2H), 2.01 (m, 4H), 1 .25 (t, 7 = 7.1 
Hz, 3H), 1.24 (d, y = 7.3 Hz, 6H), 1.23 (d, y = 7.1 Hz, 6H). 

Example 57 

(Compound III of Scheme 8> where R = isopropvL R' = 1-fluoroDroDvn. To 
0.61 g of II (1.51 mmol) suspended in anhydrous diethyl ether (15 ml) in a flame dried 
25 ml r.b. flask at 0°C is added lithium aluminum hydride (0.057 g, 1.51 mmol) portion 
wise. The resultant mixture is allowed to slowly warm to ambient temperature, and 
stirred for 4.0 hours. After such time, water (10.0 ml) is added and the mixture is 
allowed to stir for 0.3 hours. The aqueous layer was extracted with EtOAc. All organic 
layers were combined, washed (brine), dried (MgS04), and concentrated under reduced 
pressure. Purification by flash column chromatography (silica gel, hexanes/EtOAc, 9:1) 
yielded 0.441 g of III (83%). Data for compound III. ^H NMR (400 MHz, CDCI3) 
8 7.05 (d,y=2.2 Hz, IH), 6.77 (d,y=2,2 Hz, IH), 6.40 (d,y= 15.4 Hz, IH), 5.78 (dt, 
y = 15.7 Hz, y = 6.2 Hz, IH), ), 5.59 (dt, y = 47.2 Hz, 5.9 Hz, 2H), 4.17 (t, y = 5.7 Hz, 
2H), 3.70 (t, y = 5.9 Hz, 2H), 3.30 (m, IH) 2.86 (m, 3H), 2.82 (t,y= 7.4 Hz. 2H). 2.63 
(t,y= 7.3 Hz, 2H), 1.84 (m, 4H), 1.23 (d,y= 6.8 Hz, 12H). 
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Example 58 

(Compound IV of Scheme 8, where R = isoprppvi, R' = l-fluoroprppvn. To 
0.441 g of compound IH (122 mmol) dissolved in anhydrous CH2Cb (10-0 ml) in a 
flame dried 25 ml r.b. flask is added 4-MethylmoiphoIine Nnoxide (0.215 g, 1.84 mmol) 
followed by Tetrq)ropylammom'um pOTUtfaenate (0.021 g, 0.061 mmol). The raiting 
mixture is stirred at ambient temperature for LO hours. After such time, the reaction 
mixture is filtered flarougji a plug of silica gel (eluding with CH2Cn2) and ooxicentated 
under reduced pressure to yiel^ Data fiir<x)ri^iJDad TVi^^ 

(400 MHz, COa^) 5 9.49 (d. J= 8.0 Hz, I H), 7.28 (4 J= 16-1 Hz, IB), 7.10 (d, 7= 22, 
Hz, lH),6.79(d, J-2.ZHZ, IH), 6.09(dd,>=15.4Hz,y=8.0Hz, 1H),X^ (dUJ^ 
47 A Hz, y = 5.7 Hz, 2H), 3.69 (t, 5.9 Hz, 2H), 3.30 (m, IH) 2.88 (m, 3H), 2.70 (t, J 
= 7.5 Hz, 2H), 2.20 (m, 4H), 1 .25 (d, J= 7.0 Hz, 6K), 1.24 (d, J- 6.8 Hz, 6H). 

Example 59 

fCompound V of Scheme 8. where R == isopropvL R'= l-fluoropropvn. To 
0.437 g of compoimd IV (122 mmol) dissolved in anhydrous diethyl ether (15.0 nil) in 
a flame dried 25 ml r.b, flask at O'^C is added methyl magnesium bromide (1.34 mmol, 
0.45 ml of 3.0 M solution in efl^er) dropwise via syringe. The resultant mixture is kept 
at 0**C for 2,0 hours. After such time sat NH4CI (10 ml) is added and the mixture is 
allowed to wiarm to room tempenatinre. Once at room temperature, the mixture is 
filtered dirou^ a plug of silica gel (eluding with hexaiies/EtOAc 9:1) and concentrated 
under reduced pressure to yield 0.233g of V (51%). Data for compound V. NMR 
(400 MHz, 0X33) 5 7.01 (d,y = 2.0 Hz, IH), 6.78 (d, 7= 2.1 Hz, IH), 636 (d,/= 15.7 
Hz, IH), 5.66 (dd, 15.8 Hz, 6.8 Hz, IH), % 4.59 (dt, J= 47 Jl Hz, 7= 5,9 Hz, 
2H),4.32 (m, IH), 3.70(^7= 6.0 Hz, 2H), 3.29 (m, IH) 2.84 (m, 3H), 2.62 (t, 7=7.4 
Hz,2H),-2.01 (m, 4H), 1^7 (d.^/^ 1^3 (d,y=6.9Hz, 12H). 
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Example 60 

(Compoun d VI of Scheme 8. where R = isopropvL R' = 1 -fluoropropvll To 
0.233 g of compound V (0.62 mmol) dissolved in anhydrous CH2CI2 (10.0 ml) in a 
flame dried 25 ml r.b. flask is added 4-Methylmorpholine N-oxide (0.109 g, 0.93 mmol) 
followed by Tetrapropylammonium perruthenate (0.01 1 g, 0.031 mmol). The resulting 
mixture is stirred at ambient temperature for 1.0 hours. After such time, the reaction 
mixture is filtered through a plug of silica gel (eluding with CH2CI2) and concentrated 
under reduced pressure to yield 0.204 g of VI (100%). Data for compound VI. 'H 
NMR(400 MHz, CDCI3) 57.31 (d,y= 16.1 Hz, IH), 7.07 (d,y=2.2 Hz, IH^, 6.79 (d, 
y = 2.1 Hz, IH), 6.06 (d, y = 16.1 Hz, IH), 4.57 (dt, 7 = 47.1 Hz, 7= 5.8 Hz, 2H), 3.68 
(t, J=5.9Hz,2H),3.29(m, IH), 2.90 (m,3H), 2.67 (1,7=7.4 Hz, 2H), 2.21 (s.3H), 
2.01 (m, 4H), 1.25 (d, 7- 7.0 Hz, 6H), 1 .24 (d, 7= 6.9 Hz, 6H). 

Example 61 

(Compound XVIII of Scheme 8. where R = isopronvh R' = l-fluoropropvl). To 
0.034 g of sodium hydride (0.713 mmol) suspended in anhydrous DMF (4.0 ml) in a 
flame dried 15 ml r.b. flask at 0**C is added triethyl-2-fluoio-2-phosphonoacetate (0.159 
& 0.659 mmol) dropwise. The mixture is allowed to stir for 0.3 hours. Compound VI 
is then added dropwise (0.204 g, 0!549 mmol) via solvation in anhydrous DMF (3.0 
ml). The resultant mixture is allowed to stir at O^'C for 0.75 hours. After such time, 
water (1 0.0 ml) is added and the mixture is allowed to stir for 0.3 hours. The aqueous 
layer was extracted with EtOAc. All orgam'c layers were combined, washed (brine), 
dried (MgS04), and concentrated under reduced pressure. Purification by flash column 
chromatogr^hy (silica gel, hexanes/EtOAc, 9:1) yielded 0.267 g of XVIII (100%) as a 
1 : 1 £ to Z isomer ratio. Data for compound XVIII. . NMR (400 MHz, CDCI3) 5 
7.04 (s, IH), 6.82 (s, IH), 6.78 (d,y= 16.2 Hz, IH), 6.69 (d,y= 16.1 Hz, IH), 4.58 (dt, 
47.2 Hz, J= 5.9 Hz, 2H), 4.31 (q, 7= 7.1 Hz, 2H), 3.70 (t, 7= 5.8 Hz, 2H), 3.30 (m, 
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IH). 2.85 (m. 3H). 2.73 (t, y= 7.1 Hz, 2H), 2.14 (d, J= 3,0 Hz, 3H), 2.00 (m, 4H). 1.38 
(t, y = 7.1 Hz, 3H), 1 .25 (d. y = 6,9 Hz, 6H>, 124 (d, 7= 6.8 Hz, 6H). 

iEiainple^2 

(1 r^mpfiimd XTX of Scheme 8 - where R = isopropvl R' = l-fluoiopropYl). 
To 0267 g of compound XVm (0380 mmot) dissotlved in ethanoi (1 0.0 ml) in a 25.0 
MrJb, flask is addc^ 2 M aqueous UOK (1.16 mmol). The resultant mixturels heated 
to 60'C for 7.0 Boiis, After such time, flie reartion'is ctwled and concCTb^ undw 
redik«d pr^sure. There^^ 1 NaqpieousHd (lO.Oml). Th^^asfc is 

sealed and diaken for 1.0 minute. Hie resultant su^ension was extracted with EtOAc. 
All oiganic layers were combined, washed (brine), dried (MgS04), and concentrated 
under reduced pressure. The erode reactiim mixture is purified using HPLC (85:15:0.1 
MeOH, H2O, TFA). The purified 2-Z isoind- is recrystaHized fixnn acetom'triie to yield 
0.107 gofXK (42.8%) as a pale yellow crystalline solid. Dai^'forcoiilvtound XlX. 'H 
NMR (400 MHz. CDCh) 5 7.05 (d,J= 22 Hz, IH), 6.85 (d, 15.9 Hz, IH), 6.81 (d. 
J= 2.1 Hz. IH). 6.69 (d, y = 15.8 Hz, IH). 4.57 (dt, 7= 472 Hz, V = 5.8 Hz, 2H). 3.69 
(t, J= 53 Hz, 2H), 3.29 (m. IH). 2.86 (m, 3H), 2.73 (t. 7= 7:4 Hz, 2H), 2,16 (d, V= 3.2 
Hz, 3H), 2.01 (m, 4H), 124 (d, J= 6.9 Hz, 6HX 123 (d, /= 6.8 Hz). 
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vn VIII 

Scheme 9 shows the prq)aration of additional coumarin intennediates {e.g.. 
Structure III) in another preferred aspect of the invration. The coumarin intennediates 
may then be converted to the desired RXR modulator compounds as previously 
described and as further described in Examples 63-69. 

Example 63 

(Compound II of Schem e 9. where R = isoproDvlV To 0.45 g of Compound I 

(1.68 mmol) dissolved in toluene/ethanol (1:1, 20.0 nil) in a 50 ml r.b. flask was added 

Methyl-3-bromothiophene.2-carboxylate (0.37 g, 1.68 mmol), 2 N aqueous NazCOa 

(0.36 g, 3.36 mmol,), and Tetrakis(triphenylphosphine) palladium(O) (0.194 g, 0.17 
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mmol). The reaction mixture was heated to 90»C for 1 5.0 boure. TTie mixture was then 
cooled, poured into brine (20.0 ml), and stirred for 0.3 hours. The aqueous layer was 
extracted wiA EtOAc. All biganic layers were combined, dried (MgS04), and 
c6nceik^ mider reduced preKiirt. Purification by flash coitam dubmatog^aphy 
(silici ^1. hexarit^tOAc 9:1) 3«elded 0.17 g of 11 (28«/o) as a yellow soUd. Data for 
CdmiibubaiL 'HhnV4R(40Ol^CIX;i3)57^^^ 

^A3 (d. J = 5.4 Hz. IH, Ihiophehe-:^. 7.12 (d. J= 2J Hz. IH, Ar^, 6.95 (d. J = 2:2 
Hz. IH. ArJi), 4.55 (s; 2Hi R-O^rCmia). 3.78^(^ 3H, R-CM3ir0i-GJ6>i 3 J9 (m. 
IH, X^Cmm, 3.18 (s;3H. Ohm), 2.89 em. IH; GHrCfiT-CHa); 1^26 (d; J = 6.7 

H^ 6H. (S-i^S^ftX 1^5 (d. J = 6.8 Hi^ 

Example 64 

(rompoimd nr of Scheme 9 , where R = isopropvl). To 0.17 g of CompoTrnd H 
(0.46 mmol) dissolved in THF (1 5.0 ml) in a 25 ml r.b. flask was added 6 N aqueous 
HQ (2.0 mi, 0.012 mol). The resulting mixture is allowed to stir at ambioit 
temperature for 65.0 hours. After such time, the solvent is remoVeij'uijder reduced 
pressure. The readue was taken up in water (25.0 The aqueous laya- Wds 
extract^ with EtOAc. All orsanic layers were combiiied, washed (water then brine), 
dried (MgS04), and concentrated under reduced pressure, Purification by flash cbluriin 
chromatography (siHca gel, hexanes/EtOAc, 9:1) yielded 0.101 g of m (77%) as a 
yellow oil. Dkfe i^r Coinpbund IH. 'H NMR (400 MHi, CDQa) 5 7.89 (d, J = 5.0 Hz, 
IH, tfaiophene-H), 7167 (d, J = 5.3 Hz, IH, thiophene-H) 7.51 (d, J = 2.1 Hz, IH, Ar-H), 
7.21(d, J = 1.9 Hz. IH, Ar-H) 3.70 (m, IH. CHrCff-CHs), 3.01 (m, IH, CH3-CH- 
CH3X 1.34 (d. J = 7.1 Hz. 6a CHrCS'CHj), 1-32 (d. J = 6.9 Hz. 6H. CffrCH-CHj). 

Example 65 

- --(r^m r^airfTVofSdheroeP.whareR^ is^^ To aiOl'g of Compound 
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III (0.35 mmoJ) dissolved in anhydrous THF (10.0 ml) in a flame dried 25 ml r.b. flask 
at 0°C is added Sodium aluminum hydride (0.02 g, 0.35 mmol) portion wise. The 
resultant reaction mixture is allowed to slowly warm to ambient temperature and stirred 
for 2.0 hours. After such time, water (0.01 ml, 0.35 mmol) is added followed by 6 N 
aqueous sodium hydroxide (0.12 ml, 0.70 mmol). The resultant mixture is allowed to 
stir for 0.5 hours, filtered through a plug of silica gel (eluding with diethyl ether) and 
concentrated under reduced pressure to yield 0.102 g of IV (100%) as a clear, colorless 
oil. Data for Compound IV. 'h NMR (400 MHz, CDCI3) 5 7.40 (d, J 5.1 Hz, IH, 
thiopheiie-H), 7.07 (d, J = 2.2 Hz, IH, Ar-H), 7.03 (d, J = 5.1 Hz, IH, thiophene-H), 
6.86 (d, J - 2.2 Hz, Ar-H), 5.43 (s, IH, Ar-OH), 4.69 (d, J = 5.2 Hz, 2H, R-C%-OH), 
3.74 (t, J = 6.6 Hz, IH, R-CHj-O/0, 3.31 (m, IH, CH3-C//.CH3), 2.86 (m, IH, CH3- 
C//-CH3), 1 .28 (d, J = 6.8 Hz, 6H, O/j-GH-C/Zj), 1 .24 (d, J = 7-1 Hz, 6H, C%-CH- 
CHs). 

Example 66 

(Compound V of Scheme 9. where R = isopropyl, R' n-butvlV To 0. 1 Q2 g nf 
Compound IV (0.34 nuiiol) dissolved in anhydrous N,N-Dimethylformamide (10.0 ml) 
in a flame dried 25 ml r.b. flask is added 1-Bromobutane (0.052 g, 0.378 mmol) 
followed by Cesium fluoride (0.21 g, 1.38 mmol). The resulting mixture is allowed to 
stir at ambient temperature for 1 8.0 hours. Water (1 5.0 ml) is added and the mixture is 
allowed to stir for 0.5 hours. The aqueous layer was extracted with EtOAc. All organic 
layers were combined, washed (brine), dried (MgS04), and concentrated under reduced 
pressure. Purification by flash column chromatography (silica gel, hexanes/EtOAc, 9:1) 
yielded 0.0748 g of V (63%) as a pale yellow oil. Data for Compound V. NMR (400 
MHz, CDCI3) 5 7.32 (d, J = 5.0 Hz, IH, thiophene-H), 7.10 (d, J = 2.2 Hz, IH, Ar-H), 
7.01 (d, J = 5.0 Hz, IH, thiophene-H), 6.92 (d, J = 2.3 Hz, IH, Ar-H), 4.52 (d, J = 6.3 
Hz, 2H, R-C/6-0H), 3.66 (t, J = 6.4 Hz, IH, R-CH2"Oi/), 3.39 (t, J = 6.7 Hz, 2H, R-0- 
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CHrCHrCH^j), 3.34 (m, IH, CHa-Of-OIjX 2.89 (m, IH, CHi-CH-CBi), 1 .44 (m, 
2H, R-O-CHj-O^-CHz-CHj), 1^ (in, 14H, CHrCH^j, R-aCHr^Hz-C^-CHs), 
0.80 (t; J = 73 Hz, 3H, R-CK3IrCHrCH2-CH>). 

Rrample 61 

r(^TOimd \7 orScfaenie 9. wli^ R = iso mimiw = n-biitvn. To 0.0748 g 
of aaniH)imd V (0.22 mmol)^^ m anhydrous CHiiCia (3.0 ml) in a flame dried 
lOmI rb- iiask is added 4-Methjtorpli^Ifae N-oxide (0.04 & 0J2 mmol) foUowed by 
r«trapr(^ylimn6faitni paruthenalii" (6.004 g, O.OI I nmol). the reialtihg mixture is 
stirred at ambi«it temperatm* 'fiiir 1.0 Koiir. After such trm^ the reactidn mirt&rft is 
fiftCTed Ihrou^ a phig of siKca gel (eluding with CH2CI2) and csoncentrated under 
reduced pressure to yield 0.075 g of VI (100%) as a yellow oil. Data for Compound VI. 
'Hl%fltt400MH^ CDCl3)'5 9.78 (s, IH, CHO), 7.71 (d; J = 5.0 Hz; IH, dnophene- 
H), 7.25 (d, J =5.5 Hz, IH. thiophene-H), 7:i 7 (d, J = 2.QHz, IH, Ar-H), 6.99 (d, J = 
2:0 Hi; lii Ar-H). 3:36'(ih, 3K, R-0-Cffj-CK2-CH2-CK3. CHr-Cff-CHa), 2-91 (m, IH, 
CH3-Oy-CH3), 1.45 (m, 2H, R-O-CHz-OT-CSt-CHj), 1.26 (m, 14H, CHj-CH-CHj, R- 
(>CH2<3J2-C%-ai3), 0.79 (t, J= 7.3 ^ 

Example 68 

fCmnnound vn of Schanae 9. where R = isopropvL R' = n-butvl. R" = H). To 
0.17 g of TridK3d3^e1hyl-4i-ph6sphon<kTot6ifiate (0.65 mmol) dissolved in 
THF/DMPU (1 X 2.5 ml) in a flame dried 15 ml r.b. flask at -78°C is added "BuU 
(0.69 inmoi, in hexanes) dropwise. llie mixture is allowed to stir for 0.1 hours. 
Con^und VI is flien added dropwise (0^075 g, 022 mmol) via solvation in 
THF/DNfi»U (1 2, 2.5 ml). The resultant mixture is allowed to stir at -78*'C for 03 
horns, wanned to ambimt temperature, and stirred for 2.0 hours. After such time, water 
{laJ0^MyisMdfA 2M'WkTi^taie is dlSweff fo sffi- for 03 Boiis. tSe aqueous layer 
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was extracted with diethyl ether. All organic layers were combined, washed (brine), 
dried (MgS04), and concentrated under reduced pressure. Purification by flash column 
chromatography (silica gel, hexanes/EtOAc, 9:1) yielded 0.084 g of VII (85%) as a 
yellow oil. Data for Compound VII. 'H NMR (400 MHz, CDCI3) 5 7.23 (d, J = 5.2 Hz, 
IH, thiophene-H), 7.16 (d, J = 5.0 Hz, IH, thiophene-H), 7.10 (d, J = 2.2 Hz, IH, Ar- 
H), 7.05 (d, J =15.8 Hz, IH, =CH) 6.90 (d, J = 2.2 Hz, IH, Ar-H), 6.64 (d, J = 15.8 Hz, 
IH, =CH), 5.85 (s, IH, <:H), 4.17 (q, J = 7.1 Hz, 2H, R-CO2-C//2-CH3) 3.37 (m, 3H, 
R-0-a/rCH2-CH2-CH3, CHa-Of-CHa). 2.89 (m, IH, CHa-C/Z-CHa), 2.26 (s, 3H, 
CH3), 1.43 (m, 2H, R-O-CH2-CH2-CH2-CH3), 1.26 (m, 15H, R-CQ2-CH2-C/6, Cft- 
CH-Cft), 0.79 (t, J - 7.4 Hz, 3H, R-0.eH2-CH2-CH2-C/fi). 

Example 69 

fL12. Compound VIII of Scheme 9. where R = isopropvL R' = n-butvL R" = H>. 
To 0.084 g of Compound VII (0. 1 8 mmol) dissolved in ethanol (5.0 ml) in a 1 5.0 ml 
r.b. flask is added 2 M aqueous LiOH (0.55 mmol). The resultant mixture is heated to 
90**C for 3.0 hours. After such time, the reaction is cooled and concentrated under 
reduced pressure. The residue is taken up in 1 N aqueous HCl (10.0 ml). The flask is 
sealed and shaken for 1 .0 minute. The resultant suspension was extracted with EtOAc. 
All organic layers were combined, washed (brine), dried (MgS04), and concentrated 
under reduced pressure. The concentrate is filtered through a short plug of silica gel 
(eluding with EtOAc), concentrated under reduced pressure and recrystallized from 
Acetonitrile to yield 0.08 g of VIII (1 00%) as a yellow crystalline solid. Data for 
Compound VIII. "H NMR (400 MHz, CDCI3) 5 7.26 (d, J = 5.1 Hz, IH, thiophene-H), 
7.17 (d, J = 5.0 Hz, IH, thiophene-H), 7.1 1 (d, J = 2.0 Hz, IH, Ar-H), 7.1 1 (d, J = 15.8 
Hz, IH, =CH), 6.91 (d, J = 2.1 Hz, IH, Ar-H), 6.57 (d, J = 15.8 Hz, IH, =CH), 5.87 (s, 
IH, =<:H), 3.37 (m, 3H, R-O-Ci/^-CHj-CHz-CHa, CHa-OZ-CHa), 2.90 (m, IH, CH3. 
OZ-CHa), 2.28 (s, 3H, CH3), 1.44 (m, 2H, R-O-CHs-O/^-CHz-CHa), 1.26 (m, 14H, 
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CHrCR-CHj, R-O-CHi-CHj-Cft-CHs). 0.79 (t. J = 7 J Hz, 3H. R-O-CH2-CH2-CH2- 
CHs). 

RTaiwpfe»7n 

(138. CoimN Pund Vm of Scheiiie 9. whertl R « isenropvL R' » 1.1- 
difliioroedivL 11" = JD. This coin^uhd Was pr^i^aeA m die maimer preVibiisIy 
described for CoiEpomid Vm in Example 69, except tiiat 2,2-difluoio- 1-bromoefli^e 
was usedii^eaa ofbromoSutm^in E^ 'H'NMR (40OMH^CPCl3) 5 7.31 

(d. y= 5.1 Ife, IH, tiuophene-H), 7.16 (d, 7 = 5.0 H2; IH, iKophene-H); 7.13 (d, y= 2.1 
Hz, IH, ArlH), 7.05 (d,V^ 15^ Hz, 1H; C=CH), 6.93 (d,y=2.2H2, iHi Ar-H), 6.69 
(d, y= I5;18 Hz, IH, G=<3r), 5.89 (s, IH, C=CH)i 5.68 (tt. /= 55.4 Hz, 7= 4.2 Hz, IH, 
R-OCHz-CFj/O 3.56 (dt, y= 13.7 Hz. y= 4.1 Hz, 2H, R-O-C^^-CF^HX 3.37 (m, IH, 
CH3-ay-CH3), 2.91 (m. IH, CHj-CH-CHi), 2.27 (s, 3H, CH3), 1.28 (d,y= 6.9 Hz, 6H, 
CHj-CH-CHs). 1 J26 (d, y = 7.1 Hz, m^CHrCH-CHs). 

ExainpleVl 

(L39. Comp oiind Vm of Sdiem^9. where R = isophypvl. R' = 1.11- 
trifliiorobutvl. R" = H). Tins compound was pr^ared in the manner preW 
deaaibed for Compound Vin in EXahisple 69, except fl^ 4,4i4-trifluoro-l-bromobutane 
was used instead of brom£*utaBie in Bcainple 66. 'H NMR (400 MHz, CDCI3) 5 7.28 
(d,y=5.i Hz. IH; thic^hene-H), 7.13 (d;y=5.2 Hz, IH thiqphene-H), 7.12 (d,y=2.0 
Hz. IH. Ar-H), 7.04 (d, 7= 15.8 Hz. IH. C=CH), 6.92 (d, y = 2.0 Hz; IH, Ar-H). 6.66 
(d.y= 15.8 Hz. IH. C=CH). 5.88 (s. IH, C=CH), 3.42 (t.y= 5.8 Hz. 2H, R-O-CH2' 
CH2-CH2-CF3), 3.29 (m, la CHi-CH-CHj), 2.90 (m, IH, CHa-CffCHi). 2.26 (s, 3H. 
CH3), 2.02 (m. 2H. R-O-CHj-CHz-OrrCF,), 1.69 (m, 2H. R-O-CHz-CHi^MrCFi), 
128 (d.y= 7.3 Hz. 6H, CHrCH-CHjX 1.26 (d,y= 7.4 Hz, 6H. CHrCH-Cffs). 
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Example 72 

(L40, Compound Vm of Scheme 9. where R = isoproDvl. R' = NHBoc-oropvl, 
R" = H). This compound was prepared in the manner previously described for 
Compound VIII in Example 69, except 3-NHBoc-propylbromide was used instead of 
bromobutane in Example 66. 'H NMR (400 MHz, CDCI3) 8 7.29 (d, 7= 5,0 Hz, IH, 
thiophene-H), 7.16 (d, y= 5.2 Hz, IH, thiophenc-H), 7.12 (d, 7= 2.0 Hz, IH, Ar-H), 
7.05 (d,y= 15.8 Hz, IH, C=CH). 6.91 (d,y= 2.0 Hz, IH, Ar-H), 6.67 (d,y- 15.8 Hz, 
IH, C=CH), 5.88 (s, IH, C=CH), 4.57 (s, IH. NH), 3.43 (t,y= 5.6 Hz, 2H, R-O-O^- 
GH2-CH2-O-NHB0C), 3.30 (m, IH, CH3-CH-CU3), 3.09 (m, 2H, R-O-CHz-CHj-Cft- 
NHBoc), 2.90 (m. laCHj-OZ-CHa). 2.65 (m. 2H, R-O-CH2-C/6-CH2-NHB0C), 2.26 
(s, 3H. CH3), 1.42(s. 9H, NHCOj'AufKO. 1-27 (d,y= 7.6 Hz, 6H, C/fj-CH-C//^), 1.25 
(d, / = 7.8 Hz, 6H, OTj-CH-C/^)- 

Example 73 

(L41. Compound VIII of Scheme 9. where R = isopropvl. R' = l.I- 
difluoropropvl. R" = H). This compound was prepared in the manner previously 
described for Compound VIII in Example 69, except that 3,3-difluoro-l-bromopropane 
was used instead of bromobutane in Example 66. 'H NMR (400 MHz, CDCI3) 6 7.30 
(d, y= 5.2 Hz, IH, thiophene-H), 7.14 (d, J= 5.3 Hz, IH, thiophene-H), 7.12 (d, J= 2.4 
Hz, IH, Ar-H), 7.05 (d, J= 15.8 Hz, IH, C=CH). 6.93 (d.y = 2.3 Hz. IH, Ar-H), 6.81 
(d. J= 15.8 Hz, IH, C=CH), 5.89 (s, IH, C=CH), 5.84 (tt, 7 = 56.9 Hz, J= 4.8 Hz, IH, 
R-0-CH2-CH2-CF^//), 3.52 (t,J= 5.8 Hz, 2H, R-O-Ci/rCHj-CFjH), 3.28 (m, IH, 
CH3-C//-CH3). 2.90 (m. IH, CH3-.CH-CH3), 2.26 {d,J= 0.8 Hz, 3H, CH3), 1.28 (d,y« 
8.2 Hz. 6H. CHs-CH-CHj), 1 .25 (d. J= 7.0 Hz, 6H, CHrCH-CHs). 
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Example 74 

(L42, Comb omid Vm of Scheme 9. where R = isopropvL R' = 1.1 ■2.2- 
tetraflmMxroropvL R" = H). This coiiqx>inKl was pi^ared in die manner previously 
described for Con^und Yin in Exan^le 69, except that 3,3,2,2^telrafiuon>-l - 
bromopropane was used instead of braroobutane in Example 66. 'H NMR (400 MHz, 
CDO3) 5 7.32 (d,y= 52 Hz, IH. thiophene-H). 7.15 (d. 2.0 Hz, IH, Ar-H), 7.1 1 (d, 
y = 5.0 Hz, IH, thiophene-H), 7.00 (d, J= 1 5.8 Hz, IH, C=CH), 6.94 (d, 7= 2. 1 Hz, IH, 
Ar-H), 6.69 (d, 7= 15.8 Hz, IH, C=CH), 5.89 (s. IH, C=CH), 5.82 (tt, 7= 53.2 Hz, 7= 
5.1 Hz, IH, R-O-CH2-CF2-C/>/0, 3.70 (t,y= 12.1 Hz, 2H, R-O-C^t^Tz-CFjH), 3.32 
(m. IH, CHs-Cfir-CHj), 2.91 (m, IH, CHs-CH-CMiX 2.26 (s. 3H, CH3), 1 ^8 (d. J= 73 
Hz, 6H, CH3-CH-CH3), 1.26 (d, y= 7/4 Hz, 6H. Cffj-CH^s). 

Esample 75 

. (L43. Com pound Vm of Scheme 9. where R = isonropvL R' = 3-meflioxv- 
nropvL R"=H). Tins compound was prepared in the manner previously described far 
Compound vm in Exan^le 69, except thiat 3-methoxy-l-bro 

instead of brpmbbutane in Example 66. 'H NMR (466 MHz, dkhy) S 727 (d, J= 5.8 
Hz, IH, lhi<)phene-H), 7.15 (d, / = 5.1 Hz, IH, thiophene-H), 7.U (d, y = 2.1 Hz, IH. 
( Ar-H), 7.09 (d. y= 15.6 Hz, mOOJ), 6.91(0, J= 2^ Hz, ihi, Ar-J^. 6.66 (4 y= 
15.8Hz, IH, C=CH), 5.88 (s, IH, C=CH), 3.45 (1,7= 6.04Hz, 2H, R-O-Cffrdsr- 
CHrO-CHa), 334 (m, 3H, CHyCH-CHs, R-0-CH2-CH2-C»rO-CH3), 3.26 (s, 3H, R- 
0-CH2-CH2-CH2-0-C%), 2.89 (m, IH, CHs-CH'-CHa), 2.27 (s. 3H, CH3), 1.72 (dt,y= 
12.6 Hz, y= 6.3 Hz. 2H. R<)-CHrC%-CH2-aCH3), 1 .27 (d, y = 8.1 Hz. 6H, CHj. 
CH-C%), 1.25 (d,y= 7.9 Hz. 6H. CFrCH-C/6). 
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Scheme 10 




Scheme 10 describes an alternate synthetic method for producing the desired 
RXR modulator compounds in anothCT preferred aspect of the invention. Scheme 10 
shows the coupling of an arylboronic acid with a haloarylalkoxide {e.g.. Structure X). 
The resulting alkoxyaryl-formylthiophene compoimd {e.g.. Structure VI) is then 
coupled with a phosphonate and reduced to produce the desired RXR modulator 
compounds. 

Example 76 

(Compound X of Scheme 10, where R = isopropvL R' = n-propvlV To 0.48 g of 
Sodium hydride (0.02 mol) dissolved in anhydrous N, N-Dimethyl-formamide (150.0 
mi) in a flame dried 300 ml r.b. flask at (fC was added dropwise Compound IX (5.0 g, 
0.016 mol) via solvation in anhydrous N,N-Dimethyl-fonnamide (15.0 ml). The 
mixture was stirred at 0°C for 0.5 hours. After such time, l-Bromopropane (2.22 g, 
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0.01 8 mol) was added dropwise via syringe. The resultant reaction mixture was 
allowed to wann to ambient temperature and stirred for 24.0 hours. Upon completion, 
tbe contents of tbe flask are poured into iced brine (200.0 ml) and stirred for 0.5 hours. 
Hie aqueous lay^ was extracted wifli dietiiyi ether. All organic layers were combined, 
washed (bnneX dried (MgS04) and conceiitrated undd* reduced pressure. Purification 
by flash ooldml cTmknalogjrkpby (salica gel, Kexanes/EtD Ac^ 9:1) yielded 5.18 g of X 
(91 Ji%) as a clear, coWless bil. Data for Con^urid X. NMR (400 MHz, CDCI3) 
5 7.46 (d, J = i .9 Hz, IH; Ar-H); 7.05 (d; J = 1 .9 Hz, IH, Ar^H), 3.79 (t, J = 6.6 Hz, 2H, 
R-0-a?rCH2-CH3), 3 Jl (m, IH, CHs-C^-CHs), 2.81 (m, IH, CHj-CMHs), 1.89 
(m, 2H, RO^CH2-CH2^CHi), 1 .22 (d, J ^ 618 Hz, 6H, CHrCO^i), 1 .21 (d^ J = 6.9 
Hz,6li,CHs-CH'CHsX 1.09(t, J = 7.4Hz,3H,R-aai2-aJ2-C^^^^ 

Ex^aihble 77 

rCompound VI of Scheme 1 0. where R = isoprop vL R' = n-rodp vH: To 020 g 
of Q)mik>und X (0.578 nimoi) dissolved in IG.O ml) in a 25 ml r.b. 

flask was added 2-Fonn3^thiophene-3-boromc acid(0.D82 g, 0:525 mmol), 2 N aqueous 
NarCQB (0.1 1 g, 1.05 mmol), and TetraMs(triphenylphosphirie) pialladiuni(0) (0.061 g, 
0.053 mmol). The reactitm mixture was heated to 90"C for 1 5:0 hours! The mixture 
was then cooled^ poured into brine (25.0 ml), and stirred for OJ hours. Th^ aqueous 
layer was extracted with EtOAc. All organic layers were combing dried (MgS04), 
and concentrated Mder rekiuc^ pressure. Purification by flash column chromatography 
(silica gel, hexanes/EtOAc, 9:1) yielded 0. 133 g of VT (70%) as a yeUow oil. Data for 
Compound VI. 'H NMR (400 MHz, OXHa) 5 9.79 (d, J = 0.9 Hz, IH, R-COH), 7.71 
(dd, J - 4.9 Hz, J = 0.9 Hz, IH, thiqphene-H), 7.25 (d, J = 4.9 Hz, IH, thiophene-H), 
7.17(d, J-2;2Hz, IH, Ar-H), 7.00 (d. J = 2.2 Hz, IH, Ar-H), 3.35 (m, 3H, R-OC%- 
CH2-CH5, Ois-Cfir-CHs), 2.91 (m, Ift CHs-CH-CH^X 1.47 (m, 2H, RO-CH^rCHr 
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CHa). 1.26 (d, J = 6.9 Hz, 12H, CHs-CH-CHj), 0.79 (t, J = 7.4 Hz, 3H, R-O-CH2-CH2- 
CHj). 



Example 78 

(Compound VII of Sch eme 10. where R = isopropvl. R' = n-propvl. R" = m. To 
0.3 1 9 g of Triethyl 3-methyI-4-phosphqnocrotonate (1 ;2 1 mmol) dissolved in 
THF/DMPU (1 :2, 5.0 ml) in a flame dried 25 ml r.b. flask at -78»C is added "BuLi 
(1 .29 mmol, in Hexanes) dropwise. The mixture is allowed to stir for 0.3 houis. 
Compound VI is then added dropwise via solvation in THF/D\dPU (1 :2, 5.0 ml). The 
resultant mixture is allowed to stir at -78*C for 0.5 hours, wanned to ambient 
temperature, and stilted for 3.0 hours. Aftw such time, water (20.0 ml) is added and the 
mixture is allowed to stir for 0.2 hours. The aqueous layer was extracted with EtOAc. 
All organic layers were combined, washed (brine), dried (MgS04), and concentrated 
under reduced pressure. Purification by flash column chromatography (silica gel, 
hexanes/EtOAc, 9:1) yielded 0.154 g of VII (87%) as a yellow oil. Data for Compound 
Vn. 'H NMR (400 MHz, CDCI3) 6 7.23 (d, J = 5.2 Hz. IH, thiophene-H), 7. 1 6 (d. J = 
4.9 Hz, IH, thiophene-H), 7.10 (d, J - 2.1 Hz, IH. Ar-H), 7.05 (d, J = 1 5.8 Hz, IH, 
=CH), 6.91 (d, J = 2.2 Hz, IH, Ar-H), 6.64 (d, J = 15.8 Hz. IH, =CH), 5.58 (s, 3H, 
=CH), 4.17 (q, J = 7.6 Hz. 2H. CO2-C/6-CH3), 3.36 (m, 3H, R-O-CW^-CHz-CHa, CH3- 
C//-CH3), 2.89 (m, IH, CH3-C//-CH3). 2.26 (s, 3H, CH3), 1.48 (m, 2H, R-O-CHj-C^^ 
CH3), 1 .28 (m, 15H, CH3-CH-CN3. CO2-CH2-C//3), 0.80 (t, J = 7.4 Hz. 3H, R-O-CH2- 
CH2-CWj). 

Example 79 

(Lll. Compou nd VIII of Scheme 10. where R = isopronvl. R' = n-propvl. R" = 
H), To 0.154 g of Compound vn (0.35 mmol) dissolved in ethanol (10.0 ml) in a 25 
ml r.b. flask is added 2 M aqueous LiOH (1.05 mmol). The resultant mixture is heated 
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to 90»C for 3.0 hours. After such time, the reacrion is cooled and concentrated under 
reduced pressure. The residue is taken up in I N aqueous HQ (25.0 ml). The flask is 
sealed and shaken for 1 .0 minute. TT^e resultant suspension was extracted with EtOAc. 
All organic layers were combined, washed (brine), dried (MgSOA and concentrated 
under reduced pressure. The concenlrme is Meredthrou^ a short plug of silica gd 
(eluding with EfOAc). concentrated under reduced pressure and leoystallized 
Acetom-trile to yield 0.142 g of Vm (98%) as a Bght yeUow cr^^e soKd. Data for 
Compound Vlfl. 'h NMR (400 MHz. CDO,) 5 7.25 (d. J = 4.8 Hz. IH. thiophene-H) 
7.1 7 (d. J = 5.0 Hz. IH. thiophene-H), 7.1 1 (d, J = 2.2 Hz. IH. Ar-H). 7.10 (d, J = 15 8 
Hz. IH. =CH). 6.91 (d. J = 2.2 Hz. IH. Ar-H). 6.66 (d. J » 15.8 Hz. IH. =CH). 5.87 (s. 
3H, =CH). 3.35 (m, 3H. R<hCffrCH^^ CHj^-CH^). 2.90 (m. IH. CH,^- 

CH3).2.28(s,3H.CH3). 1.48(m.2H,R-0-CH2-(^H3l3). 1.27(d. J = 6.8H^ 
CNs-CH-CH^ 126 (d. J = 6.9Hz. 6H; C%-CH-C%). 0.80 (VJ= 7.4Hz.3H R-O^ 
CAj-Oii-CHs). 
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Scheme 11a 




A1 A2 A3 A4 AS A6 A7 A8 

The following acids were prepared according to Scheme 11a (procedure 
described in Schemes 1 and 2). Scheme 1 1 a depicts the preparation of compound 
having various cyclic A substituents. The methodology employed here is similar to that 
dq)icted in Scheme 10. 



Example 80 

(Compoim d VI of Scheme 11a. where R = isopropvl. R' = methvl. A = Al). A 
mixture of 1.1478 g (3.6 mmol) of 3,5-diisopropyl.2-methoxy iodobenzene, 593 mg 
(3.97 mmol) of 2-fonnylben2eneboronic acid and 208 mg (0.18 mmol) of 
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2 «.,oWe« „„ R, 0.50 (Sift. ,0./.aOAc-to».> "HNMR C^OOMH^ cdIv 
(d.y=2.2Jb, IH). 7.00(4, J^22az. IKl 7 . , "'>-^*«('^2H).7.n 



itim 



irt^™'*^'''^''^"°''^^"«("-°')»mioa2., 
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2.1 Hz, IH), 6.74 (d, J= 16 Hz, IH), 5.85 (s. IH), 4.16 (q,y^ 7.1 Hz, 2H), 3.34 (septet. 
y= 6.9 Hz, IH), 3.24 (s, 3H), 2.89 (septet, y= 6.9 Hz, IH), 2.17 (s, 3H). 1.31 (t, /= 7.1 
Hz, 3H), 1.27 (d.y= 6.9 Hz, 6H), 1.24 (d, y= 6.9 Hz, 6H). 

Example 82 

(L44. Compound VIII of Scheme 11a. where R = isooropvl. R' = methvl. R" = 
H.A = A1). To a solution of 295 mg (0.73 mmol) of Vn in a 2:2:1 mixture of 
THF/EtpH/HjO (10 mL) was added 91 mg (2.18 mmol) of LiOH. The resulting 
mixture was heated to reflux for 3 hours. After cooling to room temperature, the 
mixture was acidified with HCl (IN aqueous) to pH = 2 and extracted with EtOAc (2 x 
20 mL). The combined organic layers was dried (MgS04), filtered and concentrated in 
vacuo. The crude acid was recrystalHzed from acetora'trile to give 1 42 mg (52%, 
theoretical 275 mg) of VIII as a white solid. 'H NMR (400 MHz, CDCI3) 7.71 (dd, 7= 
6.4, 2.6 Hz, IH), 7.42-7.34 (m, 3H), 7.1 1 (d, 7 = 2.2 Hz, IH), 6.92 (d, 7= 16 Hz, IH), 
6.86 (d, 7=2.2 Hz, IH), 6.76 (d, 7=16 Hz, lH),5.87(s, IH), 3.34 (septet, 7= 6.9 Hz, 
IH), 3.24 (s, 3H), 2.89 (septet, 7= 6.9 Hz, IH), 2.18 (s, 3H), 1.24 (d, 7= 6.9 Hz, 12H). 

Example 83 

(L45. Compound VIII of Scheme 11a. where R = isopropvl. R* = n-butvl. R" = 
Hi A = A1). This compound was prepared in the manner previously described for 
Compound VUI of Example 82, starting from the intermediate IX where R' = n-butjd, 
synthesized in the manner described in Example 76 using 1-bromobutane instead of 1- 
bromopropane. 'H NMR (400 MHz, CDCI3) 7.71 (dd. 7= 6.3, 2.7 Hz, IH), 7;42-7.32 
(m, 3H), 7.1 1 (d, 7= 2.1 Hz, IH), 6.95 (d, 7= 16 Hz, IH), 6.85 (d, 7= 2.1 Hz, IH), 6.75 
(d,7= 16 Hz, IH), 5.87 (s, IH), 3.40-3.20 (m,3H), 2.88 (septet, 7= 6.9 Hz, 1H),2.19 
(s, 3H)i 1.27 (m, 2H), 1.24 (d,7= 6.9 Hz, 12H), 1.09 (m, 2H), 0.68 (1,7= 7.4 Hz, 3H). 
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iExam ple Rd 



^una vin of Example 82. s^ar1,^gfio„iffi^i„J^ ,^^ , , 

Jn;, z.sy (sqytet, y« 6.9 H2,' im 2 19 (s i 7>i / -,t^ 

0.«'ft^.>.4H^3H). ^' '-^^tt^-S^H^ .2HX 

Examp le^^ 

^^^^^^"^^-^^^^^^^ -^^^^ 

deto^io^C^o^, VmofExao^,^^ stanfiTZ^ '^'^^^^^ 

3^,ibn,6proparie instead of 1 W " ' r ^^^-^^~~-^^-^'^^^^^^ 
P P^emsteadofl-bromopropane. 'Hmm(mmJz-ciX^^.yy,,~~Z 

2H).U5(d.y=6.9Hz. l2H). ^B)' (s. 3H). ,.69(in. 
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Example 86 

(L48. Compound VlII o f Scheme 11a. where R - isoDropvK R' = ethvL R" « W, 
A = Al). This compound was prepared in the manner previously described for 
Compound VIII of Example 82, starting from the inteimediate IX where R' = ethyl, 
synthesized in the manner described in Exiample 76 using 1-bromoethane instead of 1- 
bromopropane. 'H NMR (400 MHz, CDCI3) 7.72 (dd, 6.1, 2.7 Hz, IH). 7.43-7.32 
(m, 3H), 7.1 1 (d. 2.1 Hz, IK), 6.95 (d,y- 16 Hz, IH), 6.85 (d, 2.1 Hz, 11^, 6.75 
(d.J= I6H2. lH).5.87(s, IH), 3.37 (m,3H). 2.88 (septet, y= 6.9 Hz, lH).2.19(s, 
3H), 1.24(d,y=6.9Hz, 12H).0.94(t,y-7.1 Hz. 3H). 

Example 87 

(L49. Comp ound A^II of Scheme 1 1 a. where R = isopropvl. R' = 1 , 1 - 
difluoroethyl, R" = H, A = Al). This compound was prepared in the manner previously 
described for Compound VIII of Example 82. starting from the intermediate IX where 
R' = 1,1-difluoroethyl, synthesized in the manner described in Example 76 using 1,1- 
difluoro-2-bromoethane instead of l-bromopropane. 'H NMR (400 MHz, CDCI3) 7.72 
(dd. y= 7.2, 2.3 Hz. IH). 7.43-7.35 (m, 3H), 7.14 (d. 7= 2.2 Hz. IH). 6.89 (d. 7= 2.2 
Hz, IH), 6.88 (d, y = 16 Hz, IH), 6.76 (d, 7 = 16 Hz. IH). 5.88 (s. IH), 5.48 (tt. J= 
55.5. 4.2 Hz. IH). 3.48 (dtd. 7= 27. 12.8. 4.2 Hz, 2H), 3.35 (septet. 7= 6.9 Hz, IH), 
2.90 (septet. 7= 6.9 Hz, IH). 2.18 (s, 3H), 1.25 (d, 7= 6.9 Hz, 12H). 

Example 88 

(L50, Compound VIII of Scheme 11 a. where R = fer/-butvl. R' = methyl, R" = 
H, A = A1). This compound was prepared in the manner previously described for 
Compound VIH in Example 82 except that 3.5-ditertbutyl-2-methoxy iodobenzene was 
used instead of 3.5-diisopropyl-2-methoxy-iodobenzene in Example 80. 'H NMR (400 
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MHz, CDCk) 7.73 (dd. J= 5.5, 3.7 Hz, IH), 7.44-7.34 (m, 4H), 7.02 (d. y = 2.4 Hz, 
IH). 6.96 (d,y= 16 Hz, IH). 6.78 (d. y= 16Hz. IH), 5.88 (s; IH), 3.16 (s. 3H). 2.19 (s 
3H).j.43(s,9H)il.3I(s.9H). 



EraimDle 89 

A-All ™s«^oiuid was prepared hi tbem^ 
CpmiK,undVliliDExanq,le82exb^^ 

used instead <>f3,5.^is6propyl.^^ ah^Con^ 
K was sjoithesized in the niaimer descnT,ed m 

bromoetlMne instead of l-bromopropane. 'H mSR (500 MHz, CDa^) 7 72 (dd J ^ 
5.6. 3.7 Hz. HO. 7.42 (dd. 5.6. 3^ Hz, IHX 7J6 („, 3H). 7.01 (d. jW<£sH^ IH) 
6.99(d.y- 15.9H^ Ifl). 6.77 (47= I5:9H^ IH)-5.88^s. lH).i35 (d^. y = 5.8 Hz.' 
m 2.21 (s. 3H). 1.44 (s, 9HD, 130 (^ 9HX Oi2 (t/^ Zt) Hz; 3H). 



lExstBuile 90 

biiind Vlif df ScBeme Ha wh ere R = fgw'-hnfvL R' = ri-hiity l, P" = 
aAs^i This <;OTq>ound Was^p^ the ioanner previously d^i,ed for 
C^mma^iifBk^82ckc^ iodob«ize„e was 

used instead ^X5-<mopropyl.2.^xy^od<A>^ in Example 80 and Coi^und 
K was synlhesfeed in the manner d«cribed in Example 76 using l-brt,inobutane 
instead of l-bromoprepane. 'h NMR (500 MHz, CDQa) 7.71 (m. IH). 7 40 (m, IH) 
7.36 (m. 3H). 7.00 (d. 7= 2.7 Hz, m:eS7 (d,J=UHz, IH). 6.76 (d. 16 Hz, IH) 

5.88(s. 1H).331 (m.2H). 2.20 (d.y= 1.0 HZ.-3H). 1.43 (S.9H). 1.31 (s.9H). 1.07 (m,' 
2H).0.67(t,y=7JHz,3H). . 



138 



SUBSTITUTE SHEET (RULE 26) 



wo 01/19770 



PCTAJSOO/25476 



Example 91 

(L53. Compound VIII o f Scheme 11a. where R = ter/-butvl, R' = 1- 
fluoropropyl, R" = H, A = A 1 ). This compound was prepared in the manner previously 
described for Compound VIII in Example 82 except that 3,5-ditertbutyI-2-inethoxy 
iodobenzene was used instead of 3,5^iisoprppyl-2-methoxy-iodobenzeiie in Example 
80 and Compound IX was synthesized in the manner described in Example 76 using 1- 
fluoro-3-bromopropane instead of 1-bromopropane. 'H NMR (500 MHz, CDCI3) 7.73 
(m, IH), 7.38 (m, 4H). 7.02 (d, 7 = 2.4 Hz, IH), 6.93 (d, y- 1 5.9,Hz, IH). 6.78 (d, 7= 

15.9Hz, lH),5;89(s, lH),4.26(m.2H).3.44(m,2H),2.19(d,y=0.7Hz,3H), 1.68 
(m, 2H), 1.43 (s, 9H), 1.31 (s, 9H). 

Example 92 

(L54. Compound VIII of Scheme 11a. where R = /gr/-butvl. R' = n-propyl. R" = 
H, A = A1). This compound was prepared in the manner previously described for 
Compound VUI in Example 82 except that 3,5.ditcrtbutyl-2-methoxy iodobenzene was 
used instead of 3,5-diisopropyl-2-methoxy-iodobenzene in Example 80 and Compound 
IX was synthesized in the manner described in Example 76. 'H NMR (500 MHz, 
CDCl3)7.71 (dd,y=5.6,3.7Hz, IH), 7.41 (dd.y=5.6, 3.7 Hz, IH), 7.36 (d, y= 2.4 
Hz. IH), 7;35 (m, 2H), 7.00 (d. J= 2.4 Hz, IH). 6.97 (d, J= 15.9 Hz, IH), 6.76 (d, J= 
15.9 Hz, lH).5.87(s. IH), 3.27 (m,2H). 2.20(d.y=0.9Hz.3H). 1.43 (s. 9H), 1.34 (m. 
2H), 1 .3 1 (s, 9H), 0.64 (t, y = 7.3 Hz, 3H). 

Example 93 

(L5S, Compound VIII of Scheme 11a. where R = isopropvL R' = ethvl. R" = H. 
^ " A6). This compound was prepared in the manner previously described for 
Compound VIII in Example 82 except that Compound IX was synthesized in the 
manner described in Example 76 using 1-bromoethane instead of 1-bromopropane and 
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2-fbrmyIfi™ !,om6c acid was «ed i«cad of 2-fo™yWn,lK«„te «dd in 
E«mple 80. 'H NMR (4«)MHz. CDCW & 7.« (d.y. W lb, IH), 7.16 (d. y.2.2 

6.57Jd.y- ,5.,H^ ,„), 5.86fe fflX3.57(dd.y. Mit^ 6:9'H^2H).3J9(d..y ,3.9. 
(d. y= 6.9 Hz. 6H). 1.16 (I, y= 7.1 Hz, 3H). 

Example^ '' 
descaiT^ed forCdn^und Ito m'^^^^ 

instead of l.hr6mdpn,p&e Ad 2-lbnnyijEb,^ bdfenie add was used instead of 2- 
fi'rmya>a^}^ 'HkviR(4boMH^ CDa3)5: 750 rd.y= 

1^ IH), 7.17 «y^2.3 Hz. liD. 7.09 (d./=23 Hz. IH). 6.99 (d. 15 9H^ 
^I^,6.72tty=,9H^,H).6:57^^ 

IHX4.45fty=5.8Hz.lH),3.63(U=6.0Hz.2I0,3.34^C^ , 
291 Cd,y« 13.9.6.9Hz, 1H).2.31 (s.3H). 1.95 (n. IH). ,.90(ni. IH). 1.27(d.y='69 
Hz,6H).1.26(d.y=6.9Hz,6H). 



Eiami>le »g 

?7, Compound VmofSchem. II, ^,K ^ R = .v^ ^„ ^.-„^„^,t ^- 
H.A::iA81 This compound was prepared in the numner previously described for 
Con^oundVminExamp]e82exceptthatCoinpoundIXwass>a,thesiz^ 
manner descn^ed in Exan^Je 76 using I -broznobutane instead of I -bromopropane and 
2-fonnylthiopbene bo^nic acid was used kistead of 2-fon„yft«^e boxonic add in 
Example 80. 'HNMR(400MHz. CDaa)^: 733 (n,2H). 7.13 (d.y=.2.2 Hz. IH). 
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6.97(d,y=2.2Hz. IH), 6.95 (d,/= 15.9 Hz, IH), 6.68(d,y= 16.0 Hz, IH). 5.87 (s, 
IH), 3.42 (t, J = 6.4 Hz, 2H), 3.35 (dt, 7 13.8, 6.9 Hz, IH), 2.88 (dt, 7 = 13.8, 6.9 Hz, 
1H).2.28 (s,3H), 1.55 (m, 2H), 1.26 (d,y= 6.9Hz, 6H), 1.25 (d. 7= 6.9 Hz, 6H), 1.24 
(m, 2H), 0.79 (t, y = 7.3 Hz, 3H). 

Example 96 

ass. Cbmooun d VIII of Scheme 11a. where R = 1-ethvl. l.l-dimethvlbutvl. R' 
= 1.1-difluoroethvl. R" = H. A = Afi) This compound was prepared in the manner 
previously described for Compound VlII in Example 82 except that Compound IX was 
synthesized in the manner described in Example 76 using l,l-difluoro-2-bromoethane 
instead of l-bromoprppane and 2-formylftiran boronic acid was used instead of 2- 
formylbenzene boronic acid in Example 80. 'H NMR (400 MHz, CDCI3) 3: 7.53 (d, J= 
2.2 Hz, IH), 7.29 (d, J= 2.0 Hz, 1 H), 7. 19 (d, J = 2.0 Hz, IH), 6.89 (d, y = 1 5.9 Hz, 
.lH), 6.73(d,y=2.2Hz, lH),6.58(d,7= 15.9 Hz, IH), 5.87 (s, lH), 5.77 (dt.y= 55.2, 
4.0 Hz, IH), 3.59 (dt, 7= 13.5, 4;0, 2H), 2.30 (s. 3H). 1.84 (dd,y= 15.0, 7.5 Hz, 2H). 
1.63 (dd,y= 15.0, 7.5 Hz, 2H), 1.40 (s, 3H), 1.28 (s. 6H), 1.27 (d, J= 12 Hz, 3H), 0.88 
(t, y = 6.6 Hz, 3H), 0.69 (dd, y = 14.4, 7.4 Hz, 3H). 
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Example 97 

(Compound VI of Scheme lib where R = isopropvl R' = ethyl, A = A3V A 
mixture of 740 mg (3.0 mmol) of 3-5-diisopropyl-2-ethoxy benzeneboronic acid, 500 
mg (2.7 mmol) of 3-bromo-4-formylpyridine and 155 mg (0,13 mmol) of 
tetrakistriphenylphosphine palladium, 1.5 ml of 2N aqueous sodium carbonate in 10 ml 
of toluene and 10 ml ethanol was heated to reflux. After completion (TLC), 40 mL of 
10% EtOAc/hexane was added and the solution was filtered through a short plug of 
silica gel and rinsed with additional 10% ethyl acetate/hexane (300 mL). The filtrate 
was concentrated in vacuo. The residue was purified by flash column chromatography 
(Si02, 3 X 20 cm, 10% EtOAc/hexane as eluent) to afford 731 mg (91%, theoretical 
805 mg) of VI as a coloriess oil. Rf 0.26 (SiOz, 10% EtOAc-hexane). NMR (400 
MHz, CDCI3) 9.86 (s, IH), 8.81(s, IH), 8.80 (d, J = 7.0 Hz, IH), 7.78 (d, 7= 4.9 Hz, 
IH), 7.23 (d. y = 2.2 Hz, IH), 7.06 (d. J = 2.2 Hz, IH), 3.47 (br. s, IH), 3.34 (septet, 7= 
6.9 Hz, IH), 3.17 (br. s, IH), 2.95 (septet, y= 6.9 Hz, IH), 1 .29 (d, 7 = 6.9 Hz, 12H), 
0.94(t,y=6.9Hz,3H). 

Example 98 

(Compound VII of Scheme lib where R = isopropvl, = ethyl, A = A3. = 
H). A solution of 1 .935 g (7.3 mmol) of triethyl 3-methyl-4-phosphonocrotonate in a 
2:1 mixture of tetrahydrofuran/l,3-dimethyl-3,4,5,6-tetrahydro-2(lH)-pyrimidinone 
(THF/DMPU) (20 mL) was cooled to -78 ^^C and treated with 3.0 mL of n-butyllithium 
(2.5 M in hexane, 7.5 mmol). The resulting solution was stirred under nitrogen 
atmosphere at -78 for 15 min. To this solution was added slowly a solution of 731 
mg (2.4 mmol) of VI in a 2:1 mixture of THF/DMPU (15 mL) via syringe. The 
resulting mixture was stirred at -78 "^C for additional 1 hour. After completion (TLC), 
the reaction mixture was quenched with water (20 mL) and extracted with EtOAc (3 x 
50 mL). The combined organic layers was washed with saturated aqueous sodium 
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t 1 <*^-"'^ "■'A-'- >«H^ -H, 5.9. 
«•!>H^.6H).I.25(d,y=6.9Hz,6fij,0.9iftV=6i,^^3H). 



,R'-: 



Efample 9Q 

ToasoIrtonof7«™s(l,8i„i6!!)ofVIIi„a2a:l^^a^ 
^ acidified ^ HQ (W^feji, pH - 2 and c«:.,cd „,,, E«,Ac (2 x 



Q.n^undVlnii,Exan^,c», 'HNMR(400MIfe. CDa,)8.65(d4y=4 7 I4a 



144 



SUBSTrrUTE SHEET (RULE 26) 



-wo-om977r- 



IH), 7.99 (dd, J= 8.0. 1.4 Hz, IH), 7.31 (dd. J= 8.0, 4.7 Hz, IH), 7.16 (d, J= 2.3 Hz, 
IH), 7.03 (d,y = 2.3 Hz, IH), 6.86 (d,J= 16.1 Hz, HI), 6.74 (d, 7= 16.1 Hz, IH), 5.88 
(s, IH), 3.47 (br. s, IH), 3.37 (br. s, IH), 3.35 (septet, J= 6.9 Hz, IH), 2.90 (septet, J= 
6.9 Hz, IH), 2.18 (s, 3H), 1.25 {d,J= 6.9 Hz, 12H), 0.92 (1,7= 7.0 Hz, 3H). 

Example 101 

(L61. Compound VIIl of Scheme lib where R = isopropvl. R' = ethvL R" = H, 
A = A4\ This compound was prepared in the manner previously described for 
Compound VIII in Example 99. 'H NMR (400 MHz, CDCI3) 8.94 (s, IH), 8.55 (d, 7= 
5.0 Hz, IH), 7.39 (d, J= 5.0 Hz, IH). 7,17 (d, J= 2.2 Hz, IH), 6.88 (d, J = 16.3 Hz, 
IH), 6.84 (d, J= 2.2 Hz, IH). 6.83 (d, J= 16.3 Hz, IH), 5.96 (s, IH), 3.90 (q, 2H, J= 
6.9 Hz, 2H), 3.36 (septet, y= 6.9 Hz, IH), 2.89 (septet, 7= 6.9 Hz, IH), 2.24 (s, 3H), 
1.27 (d, J= 6.9 Hz. 6H), 1.24 (d, 6.9 Hz, 6H), 0.99 (t, y= 6.9 Hz, 3H). 

Example 102 

(h62. Compoun d VIII of Scheme lib where R = tert-hutyl. R' = ethvl. R" = H, 
A = A3). This compound was prepared in the manner previously described for 
Compound VIII in Example 99. 'H NMR (400 MHz, CDCh) 8.66 (s, IH). 8.59 (d, 7 == 
5.4 Hz, IH), 7.57 (d,J= 5.4 Hz, IH), 7.41 (d, 7 = 2.4 Hz. IH), 7.01 (d. J= 2.4 Hz, IH), 
6.94 (d,y= 16.1 Hz, IH), 6.89 (d,y= 16.1 Hz, IH). 5.98 (s, IH), 3.38 (quintet,y= 7.0 
Hz, IH). 3.32 (quintet, J= 7.0 Hz. IH), 2.23 (s. 3H), 1.44 (s, 9H), 1.32 (s, 9H). 0.93 (t, 
y= 7.0Hz,3H). 
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Scheme 12 



R 



NC 





nSuU, THF-DMPU 
-78 0CtoRT R 




EtO 




'l^l^ NaOH^ElOH 
N ^ r: 




N-R- 



VI 



Scheme 12 dqjicts the preparation Of triazole d^^^^ 
Bcainplesl03-108. 



m 



Eyam0lelO3 

(Compound rof.Schrme 12. where R=r^-hnt^ .l V'. ^ memk To a mixture of 
5.92 g (0.02474 mol) of I.niethoxy-2.4^Mert-butyl benzaMehyde aDd4.48 g (0.02474 
moO of thiophenysujfonykcetonitrile in DMF (20 ml) and benzene (40 ml) was added I 
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ml of piperidine. The resulting mixture was heated to reflux until completion. After 
cooling to room temperature, water was added and the mixture was extracted with ethyl 
acetate (2 x 50 ml). The organic fractions were combined and dried over MgS04. The 
solvents were evaporated under reduced pressure and the resulting oil was purified over 
silica gel (eluent: methylene chloride/hexane: 50/50) to give 6.31 g (yield : 62 %) of I. 

NMR (CDCb): 8.51 (s, IH), 8.05 (m, 2H), 7.96 (s, IH), 7.63 (m, 3HX 7.58 (s, IH), 
3.80 (s, 3H), 1.40 (s, 9H), 1 .30 (s, 3H). 

Example 104 

(Compound n of Schem e 12. where R = /gr/-butvK R' = methvlV To a mixture 
of 6.31 g (0.01533 mol) of Compound I and 1 .00 g (0.01533 mol)) of sodium azide in 
40 ml DMF was heated to 100°C behind an explosion shield. The mixture was stirred at 
this temperature until complexion and the solvents were evaporated under reduced 
pressure. Water was added and the solution was extracted with ethyl acetate. The 
organic layer was dried over a MgS04 and the residue purified over silica gel (eluent: 
ethyl acetate/methylene chloride: 0/100 to 10/90 % gradient to give 3.50 g (54 % yield) 
of 11. NMR (CDCI3): 7.95 (m, 2H), 7.66 (b, IH), 7.53 (m, s, 4H), 3.46 (s, 3H), 1.44 
(s,9H), 1.35(s,9H). 

Example 105 

(Compound III of Scheme 12 where R = tert-huWl R' = methvL R" = methvn, 
A mixture of 600 mg (0.06 mmol) of Compound II in 10 ml of dry THF, 1 ml of 
methyliodide and 2 g of cesium carbonate was stirred until complete consumption of 
starting material. The solvents were evaporated under reduced pressure and the residue 
was purified over silica gel (eluent: methylene chloride /hexane (1/1) to give 0.38 g 
(63 % yield) of HI. NMR (CDCI3): 7.82 (s, IH), 7.66 (b, IH), 4.46 (s, 3H), 3.46 (s, 
3H), 1.38(s,9H). 
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Example IfU; 

fC6mpoundTVoI Sd^ el2whe,^R = ; p^-h„^ ^^^ 
To a nnxture oTSBO of Compound HI and 5 rnlof6ry THF at -TgoC. was added I 0 
mlof IMDIBAL. THe mixture was wam,ed to room ten^erature and ch«*ed by 
TLC. EthylacetatelSmJandwateriOmlwereaddedlotbereac^onmi^^ H^e 
orgamcIayerwasdriedoverMgSO.andevapomedunderreducedpressurt Tl»e 
residua] oil was purified oyer sihca gel (eW: methylene cMoride/hexane (1:1) to give 
1 12 mg (yield: 77%) Compound IV. 'HNMR(CDCl3): lO.Il (s, IH), 7.86 (s. IH) 
7.66 (b,IH), 4.54 (S.3H), 3.46 (s,3H), 1.38 (^ 9H). ' 

Example Tn7 

(Compound V of Srhonr 1 7 wher. I? = .^.^..^ ^ r. ^ p„ ^ ^^^^.^^ 

A nuxture of 1 12 mg (0.367 mmpO of Compound IV. 340 mg (1 .46 rnn^oO of tri^^^ 
3-methyI^-phosophonocrotonate inlOml ofTHFandlmlofDMPU was cooled to- 
78-C. N-BuLi (1.6M) Oi) mJ was slowly added to the solution. n,e reaction was 
wanned to room temperature and stirol overnight Water was added (1 5 ml) and the 
sohition was e^racted with ethyl acetate. TU org^c layer was washed with water and 
hnne. then dried overMgS04. Eviration of the solvents gave a yellow oil. Th^ 
r^nm oil w^purified ov^sih-cagd (^luei,t- methylene chldride^bexane (1:1) to give 
170 mg (yield: 47 %) Compound Vas a mixture of isomer., 'h NMR (CDCI3)- 7 86 (s 
m, 7.66 (b, IHX 7.14 (dd. 2H). 6.59 (s. IH), 4.46 (s, 3H) 4.18 (m . 2H), 3.46 (s. 3H) ' 
2.32, 2.23 (s^s, 3H3, 1 J8 (s, 9H), 1.30 (t, 3H). 

Example 10« 

(L63, Compound VT of S^h^. 17 r ^ ,^a„^ ,, p. ^^^.^ 

mMk ^oamixtureofl70mgofCompoundVinIOmIofethanol wasaddedlml 
of 6 N NaOH. The sohrtion was heated to reflux until completion (TLC monitoring) 
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After cooling, water was added and the mixture as extracted with ethyl acetate. The 
organic layer was washed with water and brine and dried over MgS04. The solvents 
were evaporated under reduced pressure, and the residual oil was crystallized from 
acetonitrile to yield 20 mg of Compound VI. NMR (CDCI3): 7.86 (s, IH), 7.66 (b, 
IH), 7.14 (dd, 2H), 6.59 (s, IH), 4.45 (s, 3H), 3.46 (s, 3H), 2.32, 2.23 (s,s, 3H), 1.38 (s, 
9H),1.30(t,3H). 

Synthesis of ''noii symmetrical" RXR modulators 

In a preferred embodiment, the following Schemes depict the synthetic method 
employed in the synthesis of RXR modulators wherein R^ differs from R*. 
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Scheme 13 

l/BnBr.Cs^CQs 



Dli^ (10) 




A1 A2 A3 A4 A5 AS aV A8 

Scheme J3 depicts liie synthetic method ecoployed in the preparation of 
conipounds of fte t)pe XI, wherein Ihe^ro^ 

Example 109 

fCompound II of Scheme 13. where R = tert-butvn. A mixture of 3.02 g (20. 1 
mmol) of 2-/£rf-butyI phenol, 5.43 g (24.1 inmol) of NTS and 0.38 g (2 mmo!) of/?- 
toluaiesulfonic add in 30 ml of 0^202 was heated to reflux overnight After cooling at 
room temperature, the pmple solution was treated with a 10 % aqueous Na2S203 
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solution and dried over MgS04. After evaporation of the solvents, the phenol was 
purified over a short pad of silica gel (eluent: 5/95 ethyl acetate/hexane) to affoni 5 g 
(18.1 mmol, yield: 90 %) of II. 'H NMR (400 MHz, CDCI3) 5: 7.51 (d, 7= 2.3 Hz, IH). 
7.34 (dd, y = 8.1, 2.0 Hz, IH), 6.44 (d, J= 8.1 Hz, IH), 2.77 (s, IH), 1 .37 (s, 9H). 

Example 110 

(Compound 111 of Sche me 13. where R = tert-butvn. A mixture of 3.65 g (13.2 
mmol) ofll, 6.5 gm (20.0 mmol) of CS2CO3 and 1.9 ml (2.7 g, 15.8 mmol) of benzyl 
bromide in 20 ml of dry DMF was stirred at room temperature overnight Water (1 00 
ml) was added and the mixture was extracted with ethyl acetate. The organic layer was 
dried over MgS04. After evaporation of the solvents, the crude oil was purified over a 
short pad of silica gel (eluent: 5/95 ethyl acetate/hexane) to afford 4.25 g (1 1.6 mmol, 
yield: 88 %) of III. 'H NMR (400 MHz, CDCI3) 5: 7.55 (d, J= 2.2 Hz, IH), 7.41 (m, 
6H), 6.68 (d, y = 8.5 Hz, IH), 5.08 (s, 2H), 1 .38 (s, 9H). 

Example 111 

(Compoun d IV of Scheme 13 where R = tert-butvl). A mixture of 1 .5 g (4. 1 
mmol) of III 800 mg (8.2 mmol) of trimethylsilyl acetylene, 80 mg (0.4 mmol) of Cul 
and 236 mg (0.2 mmol) of tetrakistriphenylphosphine palladium in 20 ml of dry EtsN 
was stirred at reflux for an hour and at room temperature overnight. Aqueous NH4CI 
(100 ml) was added and the mixture was extracted with ethyl acetate. The organic layer 
was dried over MgS04. After evaporation of the solvents, the crude oil was diluted in 
10 ml of methanol, and 100 mg (0.72 mmol) of K2CO3 was added. The suspension was 
stirred at room temperature overnight and the solvent was ev^orated. Chromatogr^hy 
over silica gel (eluent: 10/90 ethyl acetate/hexane) afford 1.02 g (3.86 mmol, yield: 94 
%) of IV . 'H NMR (400 MHz, CDCI3) 6: 7.69 (d, 7= 2.0 Hz, IH), 7.41 (m, 6H). 6.68 
(d. J= 8.4 Hz. IH). 5.12 (s, 2H), 2.98 (s, IH). 1.39 (s, 9H). 
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Eiainple 112 

<^I.t.g P.8»^0 Of IVi. 4 ^,fiHF«d 2 Of DMPU. added . 8 of 

" < "-ofd^^Fw^added d«pwi.,^,e.co„^,^„ 

■««o, fIlCa„.l5,i,). «p«^NH,a(10mO was added and 0,= „te^ 
«n«cted«,* acea.^ The o^c layer w 

Eraeapte 113 

^ -"-""Of 1 aj(3.6™„„„„rv,a„d lOO^gof ,0.%W«:i» lOnUof^ 
was »ned a, ™^ ^ 

yym.^ „ ,0 nU«f CH^.^,o*««Ufc^ acid (75 0J9 nnno.) a«. 

) "■^■■(IlCWof,her..c«o.A^^sKa^,0,waaadded,oU.epu,fc 

»h^-„,fteo,^ciay»w««p.«.da„ddnedov.rMm.Af.e^ 
.fft=soI««sandpunficado„<^3^„p^„,^^.^^^,^^,^^^ 

•-«0*=x«eX »5 ( 3, 12 yield: 82 •/, 2 steps) of V,, we. isoU,=d as » 

OJ. H«MRC4«'MI^CDCW6:7.34(4y=,.8Hz.,H).7.03(d.y.,.8H. ,Hl 
5J3 lHX2.4*fty. 7.5H^ 2H,, , 6, 2H,, ,33 ,^ ,,^3 ^^^^ ^ 
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Example 114 

(Compound VIII of Scheme 13, where R = tert-butvL R' = methvK R" = n- 
propyl). A mixture of 210 mg (0.58 mmol) of VII, L14 g (3.5 mmol) of CS2CO3 and 
0.26 ml (344 mg, 2.8 mmol) of bromo propane in 5 ml of dry DMF was stirred at room 
temperature overnight. Water (20 ml) was added and the mixture was extracted with 
ethyl acetate. ITie organic layer was dried o ver MgS04. After evaporation of the 
solvents, the crude oil was purified over a short pad of silica gel (eluent: 5/95 etliyl 
acetate/hexane) to afford 720 mg (2.0 mmol, yield: 86 %) of VIII. NMR (400 MHz, 
CDCI3) 6: 7.50 (d, y= 2.1 Hz, IH), 7^09 (d, J= 2.1 Hz, IH), 3.93 (t, J = 6.8 Hz, 2H), 
2.47 (t, y = 7.3 Hz, 2H), 1.95 (m, 2H), 1 .62 (m, 2H). L38 (s, 9H), 1.08 (t, 7- 7.4 Hz, 
3H), 0.94 (t, y = 7.3 Hz, 3H). 

Example 115 

(Compound IX in Scheme 13, where R = tert-butvL R' = methvK R" = propyl. A 
==A7). A mixture of 710 mg (2.33 mmol) of VIII, 136 mg (0.87 mmol) of 2-fonnyl-3- 
thiophene boronic acid, 34 mg (0.03 mmol) of Pd(PPh3)4 in toluene/ethanol/aqueous 
Na2C03 (5/2.5/1 ml respectively) was refluxed overnight. After cooling at room 
temperature, water (30 ml) was added and the mixture was extracted with ethyl acetate. 
The organic layer was dried over MgS04. After evaporation of the solvents, the crude 
oil was purified over a short pad of silica gel (eluent: 5/95 ethyl acetate/hexane) to 
afford 154 mg (0.45 mmol, yield: 77 %) IX. 'H NMR (400 MHz, CDCI3) S: 9.76 (s, 
IH), 7.79 (m, IH), 7.68 (d, J- 2.1 Hz, IH), 7.21 (m, 2H), 3.32 (t, 7= 6.2 Hz, 2H), 2.56 
(t,y= 7.6 Hz, 2H), 1.55 (m, 2H), 1,55 (m, 2H), 1.41 (s, 9H), 0.97 (t,y= 7.3 Hz, 3H), 
0.77 (t, 7= 7.2 Hz, 3H). 
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EiainDlelI6 

(Cbmpoufld X iia Scheme 1 3. where R = tert-biitvl: R' = metfavL R" = n^prbPvL 
A = A7). To a solution of 0.3(5 ml (384 mg, 1 .45 mmol) of tri^yJ-3- 
methylphosphonocrbtonate in THF/DMPU (4/1 ml reqjectively) was added 0.73 ml of 
nBuLi at - 78 "G. After stimrig for 10 minutes, 154 mg (0.45 mmol) of IX (dihited in 1 
ml of dry THF) was added dropwise. After complexion of the reaction, (he solvoits 
were evaporated and the crude product directly purified over sih'ca gel column 
chromatography (eluent: 5/95 ethyl acetatei(hexane) to afford 181 mg (0.4 mmol, yidd: 
89 %) X. 'HNMR (4001^ CDa3) S: 732 (d, J= S3 Hz, IH). 7.24 (d^ J= 1.9lle, 
mj;lA2 (d. J= 15.8 Hz, IH). 7.02 (^J^ 15.3 Hz, IH), 6:89 (d, J= 119 Hz, IH). 6.62 
(dd,y= 15:7, 9.3 Hz, lit). 5.84 (^ m.4Ai (dd. l4.7. 73 Hz, 2H). 3.34 (1; 6.1 
H2;2H).2J5(^/=^JHi,2H);2i4t4:3H), 1.62 (in^ 2H).J.55(m.2H). 1.42 fe9H). 
1:28 (!./» 7.1 Hz, 3H), 0:97 (t; 7^7^ Hz, 31?), 0.77 (t,y= 7J H?, 31^ 

E»iBniplg1l7 

fL64. Compound XI in lScbeme 13: idiere R = tert-butvl. R' = methvl. R" = 
propyl,- A = AZL Sq>onific^on (metfaanol/THF/aqneous LiOH, reflibc) of 181 mg (0.4 
minol) afford after woik-iq> and rKaystallizatiari from acetdnilrile 128 mg (0.3 mmol, 
yield: 75 %) of X. 'H NMR (400 MHz, CDaj) 5: 7.28 (d, J= 5.2 Hz, IH), 7.13 (d, J= 
2.1 Hz, IH), 7.10 (d, 5.2 Hz, IH), 7.07 (d, y = 15.8 Hz, IH), 6.89 (d, y= 2.1 Hz, 
IH). 6.64 (d, y= 15.8 Hz. IH), 5.86 (s. IH). 3.33 (t. J= 6.3 Hz. 2H), 2.55 (t. J= 7.5 Hz, 
2H). 2.25 (s, 3H), 1.62 (m, 2fl), 1.42 (s, 9H), 0.96 (t, 7= 73 Hz. 3H). 0.76 (t, y= 7.4 
HZ.3H). 

Eiamplellg 

rL6S. Compound XI of Sdianel3. where R = tery^utvLR'^n-rpropvL R" 
propYi, A=A7). This conqaound was prepared in the mama- previously described for 
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Compound XI in Example 117 except that propyl iodide was used instead of methyl 
iodide in Example 112. 'H NMR (400 MHz, CDCI3) 5: 7.28 (d, 7 = 5.1 Hz, IH), 7.14 
(d,J= 11 Hz, IH), 7.1 1 (d, J= 5.0 Hz, IH), 7.07 (d, 7= 15.8 Hz, IH), 6.89 (d, 7 = 2.2 
Hz, IH), 6.64 (d, y = 1 5.8 Hz, IH), 5.86 (s, IH), 3.33 (t, 7 = 6.3 Hz, 2H), 2.56 (t, / = 7.8 
Hz, 2H), 2.26 (s, 3H), 1 .62 (m, 2H), 1 .42 (s, 9H), 1 .41 (m, 2H), 1 .36 (m, 4H), 0.90 (t, J 
= 6.8 Hz, 3H), 0.76 (t, 7= 7.4 Hz, 3H). 

Example 119 

(L66, Compound XI of Scheme 13. where R = cyclopentyl. R' = H. R" = n- 
butvl. A = A7). This compoimd was prepared in the manner previously described for 
Compound XI in Example 117, except that 2-cyclopentyl phenol was used instead of 2- 
tert-butyl phenol in Example 109, Compound VI was synthesized directly from IV, 
yielding R' = H and broraobutane was used in Example 114 instead of bromopropane. 
'HNMR(400MHz, CDCl3)5: 7.26 (d,y=4.4 Hz, IH), 7.14 (d, J= 5.1 Hz, IH), 7.11 
(d, y= 2.1 Hz, IH), 7.10 (d, 7= 15.7 Hz), 6.88 (d, 7 = 2.1 Hz, IH), 6.66 (d, J= 15.7 Hz, 
IH), 5.87 (s, IH), 3.41 (m, IH), 3.37 (t,y = 6.5 Hz, 2H), 2.62 (dd.y- 15.2, 7.6 Hz, 
2H), 2.27 (s, 3H), 2.09 (m, 2H), 1.82 (m, 2H), 1.72 (m, 2H), 1.60 (m, 2H), 1.43 (m, 
2H), 1 .25 (t y = 7.4 Hz, 3H), 0.78 (t, y = 7.3 Hz, 3H). 

Example 120 

(LI 7. Compoimd XI of Scheme 13. where R = cvclopentyl. R' = H. R" = 
fiuorobutvl. A = A7). TTiis compound was prepared in the manner previously described 
for Compound XI in Example 117, except that 2-cyclopentyl phenol was used instead 
of 2-tert-butyl phenol in Example 109, Compound VI was synthesized directly from IV, 
yielding R' = H, and 3-fluoropropyl bromide was used instead of bromopropane in 
example 1 14. 'H NMR (400 MHz, CDCI3) 8: 7.26 (d, 7= 5.2 Hz, IH), 7.25 (d, 7= 2.2 
Hz, 1H)„ 7.121 (d, 7= 5.3 Hz, IH), 7.06 (d, 7= 15.8 Hz, IH), 6.89 (d, 7 = 2.2 Hz, IH), 
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6.66 (d,/= 15.8 Hz. lH).5.87(s. lH).4.45(t.y-6.0Hz. lH).4.34(t.y-6.0Hz IH) 

3.49(l,>5.9Hz.2H).3J5(xn.lH).2.63(dd.y=15:1.7.5Hz.2H).2:26(s.3H);2.^ 
(m. 2H). 1.72 fm. 6H). 1^4 (t. y=7J Hz. 3H). 

Example 121 

A:^^^ This compound was prepared in the manner previously described for 
Cor^uhd xr in-Exai^le 117. except that 2^yc]openfyl phenol wak us^ instead of 2- 
tert-butyl phendl uPExari^pIe 109 and Compound VI was synthesized directly from IV 
yieIdingR* = H. 'HN1^(400J^ CDCWS: 7.25 (d,y=4.76Hz. IH) 7 15 (d.y» 
5.1 Hz. IH),7AI (d.y=2.1 Hz. IH). 7.]0(d.y= 15.8 Hz), 6.89(d.y=2.1 Hz. IH) 
6.66 (d./. 15.8Hz. lH).5.87(s, IH);3J7(m. IH). 333 (vy= 63 Hz. 2H).2.63 (dd. 
V= 15^. 7.5 H^ 2H). 2.28 (s. 3H). 2 :,8 (m; 2H). 1.85 (m,2H); 1.72te2H)i 1.61 (h, 
2H), 1.46 (m. 2H). 04 (t y = 7.5 Hz. 3H). 0.79 ft y= 7.4 Hz: 3H) 



E:Mmblcil21a 

J<i, Compound M ofSch^^ i s Whfe^ R « /^-bntvl. = r» » t , I 
■ triiluorobutvl, A ^ A 7) Hus compound was prepared in the manner pr^ously 
described for Compound Xi in Exampk 1 1 7. excq,t that Cohvomid VI 
S3a,th^-zed directly irph, IV. yieldbg R' = Hand 1.1. 1 -trifluorxM-broinol^tane was 
used mstead of hromopiopane in Example 1 1 4.. 'h NMR (400 MHz. CDQa) 5- 7 32 
(d.y= 5.10Hz. IH). 7.18 (d.y=2.2Hz. IH). 7.09(d.y=5.2ft^ IH). 6.99 (d y= 159 
Hz), 6.93 (4y=2.1 Hz. IH). 6.65 15.9Hz. IH). 5.87 (s, IH). 3.42 (m. 2H). 2.63 
(dd. y= 15.1. 7.5 Hz. IH). 2.00 (m. 2H). 1.72 (m. 2H). 1.42 (s. 9H). 1J24 (ty= 7 2 Hz. 
3H). . 
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Example 122 

fL6&. Compound XI of Scheme 13, where R = fgr/-butvL R* = methyl, R" = LI - 
difluoroethvL A = A7). This compound was prq)ared in the manner previously 
described for Compound XI in Example 117, except that ethyl iodide was used instead 
of methyl iodide in Example 112 and 2-fluoroethyl bromide was used instead of 
bromopropane in Example 1 14. NMR (400 MHz, CDCI3) 8: 7.33 (d, 7 = 5.2 Hz, 
IH), 7.17 (d, y= 2.2 Hz, IH), 7.1 1 (d, /= 5.2 Hz, JH), 6.99 (d, 7= 15.8 Hz, IH), 6.92 
(d, J- 2.2 Hz, IH), 6.67 (d,y= 15.8 Hz, IH), 5.63 (dt,y= 55.4, 6.9 Hz, IH), 3.59 (td,7 
= 13.3, 5.3 Hz, IH), 2.56 (t, •/= 7.4 Hz, 2H), 2.25 (s, 3H), 1.65 (m, 2H), 1.43 (s, 9H), 
0.97(t,y=7.3Hz,3H). 

Example 123 

fL69. Compound XI of Scheme 13, where R = cvclopentvL R' = 1-isopropvl, R" 
= fluoropropvl A = A7). This compound was prepared in the manner previously 
described for Compound XI in Example 1 1 7, except that 2-cyclopentyl phenol was used 
instead of 2-tert-butyl phenol in Example 109, isopropyl iodide was used instead of 
methyl iodide in Example 1 12 and 3-fluoroethyI bromide was used instead of 
bromopropane in Example 1 14, 'H NMR (400 MHz, CDCI3) 8: 7^5 (d, / = 5.3 Hz, 
IH), 7.12 (d, y = 5.3 Hz, IH), 7.09 (d, 7= 2.1 Hz, IH), 7.01 (d, 7= 15.9 Hz, IH), 6.88 
(d, y = 2.1 Hz, IH), 6.64 (d, 7= 15.9 Hz, IH), 5.89 (s, IH), 4.46 (t, •/= 6.0 Hz, IH), 
4.34 (t, J= 6.0 Hz, IH), 3.49 (t, 7= 5.9 Hz, 2H), 2.54 (m, 2H), 2.28 (s, 3H), 2.09 (m, 
2H), 1 .76 (m, 4H), 1 .5 (8H), 0.95 (s, 6H). 
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SclieiDe]4 



1/ Ar-B(OH)2 




M A3 M AS AS A7 A8 



Scheme 14 depicts a method of pr^aratipn of unsymroetrical modulators 
wherein varipus subsfa'tuents are introduced 

-■ • - f 

EMmple J24 . 
(Compoimd II of Scheme 14. where R = / ey?-butvn. A mixture of 593 mg (1.62 
mmol) of I (2-fert-butyl-4-baizyIoxo-phCToI), 94 tag (0.08 mmol) of Pd(PHi3)4, 300 
jng (2.40 nanol) of phenylboronic add dissolved in 6 ml of toluene, 3 ml of ethanol and 
1.7 ml of 2N aqueous Ns^CQj was heated to reflux ovenu^t After wcalc-up, the crude 
product was filtrated over a short ping of siKca gel to remove the catalyst impurities and 
directly dissolved into 5 ml of ethyl acetate. 100 mg of 10 % Pd/C was added and the 
mixture was stirred undo- H2 atmosphere overnight. Filtration and purification over 
sihca gel column chromatogr^hy, 332 mg (1 .46 mmol, yield: 90 %, 2 steps) of O (2- 
Zfirt-buty]-4-phenyl phenol) was isolated as a pasty solid. 'H NMR (400 MHz, CDCI3) 
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5: 7.56 (dd, J= 7.8, 1.0 Hz, 2H), 7.52 (d, y = 2.2 Hz, IH), 7.43 (d, 7 = 8.1 Hz, 2H), 7.31 
(m, 2H), 6.75 (d, 7= 8.1 Hz, IH), 4.94 (s, IH), 1.47 (s, 9H). 

Example 125 

(Compound III of Scheme 14. where R = /err-butvl>. A mixture of 332 mg 
(1.46 mmol) of II (2-/€rf-butyM-phenylphenol), 394 mg (1.75 mmol) of NIS and 30 
mg (0.15 mmol) of P-toluenesulfonic acid in 5 ml of dry CH2CI2 was stirred at room 
temperature until complexion of the reaction (TLC analysis). An aqueous solution of 
Na2S203 (20 ml) was added and the mixture was extracted with CH2C12- The organic 
layer was dried over MgS04. After evaporation of the solvents, the crude oil was 
purified over a short pad of silica gel (eluent: 5/95 ethyl acetate/hexane) to afford 493 
mg (1.4 mmol, yield: 96 %) of III. ^H NMR (400 MHz, CDCI3) 5: 7.76 (d, 7 = 2.0 Hz, 
IH), 7.49 (m, 2H), 7.47 (d, J= 2.0 Hz, IH), 7.42 (t,y« 7.4 Hz, 2H), 7.32 (t,y= 7.2 Hz, 
IH), 5.53 (s,lH), 1.44 (s,9H). 

Example 126 

(Compound IV of Scheme 14. where R ^ tert-hutvL R' = n-propvl). A mixture 
of 205 mg (0.58 mmol) of III, 93 mg (0.76 mmol) of 1-bromopropane and 284 mg 
(0.87 mmol) of CS2CO3 in 5 ml of dry DMF was stirred at room temperature until 
complexion of the reaction (TLC analysis). After work-up and ev^oration of the 
solvents, the crude oil was purified over a short pad of silica gel (eluent: 5/95 ethyl 
acetate/hexane) to afford 191 mg (0.49 mmol, yield: 83 %) of IV. ^H NMR (400 MHz, 
CDCI3) S: 7.91 (di y = 1.90 Hz, IH), 7.62 (m, 2H), 7.54 (d, 1.9 Hz, IH), 7.50 (m, 
IH), 7.44 (m, 2H), 7.38 (t, 7.2 Hz, IH), 4.00 (t, 7= 6.9 Hz, IH), 1 .95 (m, 2H), 1.45 
(s. 9H), 1 . 1 1 (t, y = 7.6 Hz, 3H). 
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Example 127 

(Compound VofSchemel4.wh^ R«,^.b^l Tt'^iKbmov!. A . AT) a 
niixtureof 191 mg(0.48rixmoI)ofIV. 113 mg (0.73 ininoI)of2-fortiyl^3. 
thiopherieboronic acid, 28 mg (0.02 ihmol) of Pd(PPh,), in tolu^ie/effianoi/aqneous 
Na2C03 (5/2.5/0.5 ml req,ectively) was reflux'ed overnight Aftw coolfaig at ro6m 
tdnp^e, water (30 ml) was added afid the mixtuie was extracted witJi ethyl acetate. 
The oigam-c layer was dried over MgSO.. After evaporation of tl^ 
oil was purified over a short pad of sflica>l (duem: 5/95 ethyl acetate/h«aii^ 
afford 166 mg (0.44 mmol, yield; 90 %) V. 'HNMR (400MH2, CDCl3)& 778 (d,/- 
4.9Hz. IH). 7.65 (d,y«2J Hz. IH), 7.62 (d.y=4J2 Hz. IH). 7.58 (m. 2H). 7.44 (m. 
m 739 (d.y=2.3 Hz, IH), 7J1 (m. IH). 3.40 (t.y= 6.2 Hz. IH). 1.55 (m, 2H) 1 49 
(s, 9H). 0,81 (vy= 7.4 Hz, 3H). 

Example 128 

rCbmpoand Vf of Scheme 14, whm> R = /^-hnty l , P' = n-vrcm^^l A = A 7) 
a solution of 0.27 ml (i89 mg. 1 .09 mmol) of triethyl-3-methylpho^honocrotonate in 
THF^MPU (4/1 ml req«ctively) was added 0.57 mi of nBuLi at - 78 "C. Aft&r sorting 
■ «n:,30minutes.l66mg(0.44mmol)ofV(di]utedin I ml of diy THF) was added 
dropwise. After complexion of the reaction, the solvents were evaporated and the crude 

directly purified over silica gel column chromatography (eluent: 5/95 ethyl 
acetate/hexane) to aflFord 1 97 mg (0:41 mmol. yield: 95 %) VI . 'h NMR (400 MHz. 
CDCh) S: 7.65 (m. 2H), 7.42 (m, 2H). 7.33 (m,4H). 7.14 (d,y»5J Hz. IH). 7.03.(d,/ 
- 15.8 Hz. IH), 6.64 (d. y= 15.8 Hz. IHX 5.85 (s. IH). 4.17 (dd, MX 7.1 Hz. 2H), 
3.41 (t.y=6.1 Hz. 2H): 2.26 (S.3H). 1.50 (iii.2H). 1.49 (s.9H). lJ29(l,y= 7.1 Hz. 
3H).0.79(t,y=7.4Hz.3H). 
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Example 129 

fL70. Compound VII of Scheme 14, where R - tert-butvl> R' = n-propvK A = 
A7). Saponification (aqueous LiOH, THF» methanol) of VI followed by usual acidic 
work-up and recrystallization from acetonitrile afford 138 mg (0.3 mmol, yield: 75 %) 
of Vn . *H NMR (400 MHz, CDCI3) 5: 7.56(m, 2H), 7.42 (t, •/= 7.5 Hz, IH), 7.31 (m, 
2H), 7.14 (d, J= 5.1 Hz, IH), 7.09 (d, y= 15.8 Hz, IH), 6.66 (d, y= 15.8 Hz, IH, 5.87 
(s, 1 H), 3 .40 (t, J = 4.5 Hz, 2H), 2.27 (s, 3H), 1 .5 1 (m, 2H), 1 .49 (s, 9H), 0.79 (t, 7= 7.4 
Hz,3H). 



Scheme 15 




A1 A2 A3 A4 AS A6 A7 A6 



Scheme 15 depicts an alternative method of introducing a variety of substituents 
at the R^ and R^ positions. 
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Example 130 

fCompouiidllofSchemelS, whereR = ^ Amixfaireof 122 g (0,1 mol) 
of I (4-ethyl phehol), f .9 g (0.01 mol) of /7-toIuehesulfonic acid and 25 g (0. II mol) of 
NIS in i 00 ml of CH2a2 was stirred at room ten^erature until coinplexion (TLC 
analysis).' Aqueous Na2S203 was added to the purple solution and the organic layer was 
separated and dried over MgS04. After evaporatiori of the solvents and ptirification over 
a short pad of siHca gel (eliient: 15/85 ethyl ac^te/hexane), 22.3 g ( 0.09 mol, yield: 90 
%)ofn were isolated as an oil. 'H Nm(400MHz, CDa3)6:7.49(d, y= 
IH), 7.07 (dd,V= 8.3, 1.8 fiz, IH), 6.91 (d,y- 8.1 Hz, IH). 5.12 (s, IH)' 2.55 (<id,y= 
13.5, 7.4 Hz, 2H), 1 .94 (t, y= 7.4 Hz, 3H). 

Example 131 

fCompoTind HI of Scheme 15. whisre R = e^vl: R' = cvclbhCTene). A mixture 
ofi^'giiO^lmnio^ (2-iodc^^ethyl ph<enoI); 57 mg (0.26 nmol) ofPd(6Ac)2» 
5.2 ml (4.2 g, 51 mniol) oFcyciohexeiie; 67 ing (G2iS mmolj of Pd(PPh3)4, 3 jg (30:6 
mmol) of KOAc and'2.8 g (10.2 mmol) of nBi^NCa iii 20 ill of DMF were heated t6 60 

ovemij^t Water (1 00 mil) was added after cooling to robiri tezhpemlbire and the 
sohitibn wais extracted with ethyl acetate: The organic layer was separated and dned 
dvirMjgS04. AS^ cvapoiiliaii of the iblveh:ts a^d cohmin diromatognpiiy p 
silica gel (eluent: 15/85 ethyl acetate/hexahe), 1.0 g ( 4.94 nimoi, yield: 48 %)bf III 
were isolated as an oil. 'H NMR (400 MHz, CDQa) S: 7.01 (d, 7 = 1 ,9 Hz, IH). 6.92 
(dd, y= 7.4, 1.9 Hz, IH), 6.68 (d, 7= 7.4 Hz, IH), 5.78 (m. 2H), 4.64 (s, IH), 3.1 1 (m, 
IH), 2.59 (m, IH), 2.58 (dd,/= 13;5, 7:4 Hz, 2H), 2.31 (m, IH), 2.25 (m, 1.92 (m. 
Hi), 1.85 (m, IH), 1.21 (VJ= 7.3 H, 3H). 
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Example 132 

(Compound III of Scheme 15, where R = ethvl R' = cvclohexaney A mixture 
of LO g (4.9 mmol) of II (2-cyclohexe-2-ene-4-ethyl phenol) and 1 00 mg of 1 0 % Pd/C 
in 10 ml of ethyl acetate was stirred at room temperature under hydrogen atmosphere 
(balloon) overnight. The mixture was filtrated over celite and the solvents evaporated to 
give 1.0 g ( 4.9 mmol, yield: 1 GO %) of HI as an oil. 'H NMR (400 MHz, CDCI3) 6: 
6.99(d,y=1.8H2,lH),6.88(dd,y=8.0,1.8H2,lH),6.68(d,y=8.0H2, 1H),4.56 
(s, IH), 2.78 (m, IH). 2.57 (dd, 7= 15.1, 7.6 Hz, 2H), 1.89(m, 4H), 1.75 (m, 2H), 1.49 
(m, 6H), 1 .20 (t, J = 7.4 H, 3H). 

Example 133 

(Compound IV of Scheme 15. where R = ethyl R' = cvclohexane). A mixture 
of 1 .0 g (1.9 mmol) of III , 94 mg (0.5 mmol) of /?-toIuenesulfonic acid and 1 .2 g (5.4 
mmol) of NIS in 20 ml of CH2CI2 was stirred at room temperature until complexion 
(TLC analysis). Aqueous Na2S203 was added to the piiiple solution and the organic 
layer was separated and dried over MgS04. After evaporation of the solvents and 
purification over a short pad of silica gel (eluent: 15/85 ethyl acetate/hexane), 1.4 g (4.1 
mmol, yield: 83 %) of FV were isolated as an oil, |H NMR (400 MHz, CDCI3) 8: 7.31 
(d,y= 1.4 Hz, IH), 6.97 (d,y= 1.4 Hz, IH), 5.12 (s, IH), 2.92 (m, IH), 2.53 (dd,7= 
15.2, 7.5 Hz, 2H), 1.88 (m, 4H), 1.72 (m, 2H), 1.40 (m, 4H), 1.19 (t,7= 7.9 Hz, 3H). 

Example 134 

(LI 04. Compound VIII of Scheme 15 where R = ethvl. R' = cvclohexane! R" = 
n-propvl A - A7y This compound was prepared as previously described for 
Compound VII in Example 129 except that IV of Example 133 was used in the 
synthetic route instead of Compound IV of Example 125. 'H NMR (400 MHz, CDCI3) 
6: 7.25 (d,y= 5.1 Hz, IH), 7.12 (d,y= 15.8 Hz, IH), 7.07 (d, 7=2.3 Hz, IH), 6.88 (d, 
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J- 23 Hz. IH), 6.65 (d, y= 15.8 Hz, IH), 5.86 (s, IH). 3.31 (t,y= 6.4 Hz, 2H), 2 97 

(n.lH).2.62(dd.y=l52,7.6Hz.2H),2.27(OH). 1.77 (m.4H). 1.42 (^6H). 1.24 
ft 7.5 Hz, 3H). 0.82 (t, y= 7.4 Hz. 3H). 

Example 

fL72, Compound VnrrfScfaem . IS wh^ - ethvl. Tl'^r^^^. ^.^, 
fluoropropyl, A = ATI ™s coi^tmd was px^ared in Ae manner prenously 
de^^bed for Compound VI in Example 134 exc^t that l-flto.3.bn,mopr6p3^ was 
used mstead of I-bromopiopane in Example 126. % NMR (400 Mnz^ CDCI3) 5- 7.25 
(d.y=52Hz. IH). 7.12(d.y=5^H^. IH), ZOS (d; 3.6 Hz. IH); 7.05(d.y= 15 8 
Hz. IH). 6.89 (d, y= 3.6 Hz. IH). 6.66 (d.y = 15.8 Hz. IH). 5.87 (s. IH). 4.50 (t y = ' 
^0Hz.2H),439ft/=6.0Hz,IHX3.48(,/«5.9Hz,2H).2.92(m.,H).^^^^^^ 
15.1 7.5Hz. 2H). 2.26s. 3H). i:«3 fe2H). 1.79 (m.2H). i.55 (n^2H). 1.40 2H) 
1.24 (t,y= 7.5 H2i3iO. ^' 

Example 1.1^ 

^<''^'^ P'-rftr^^^) Amixtur.af2Jg 

a'.2nmiol)ofn(2.iod6:4^4ylpheno0.1.^ 

213mgofPd(PPh3).in20mIoftoluene. 10 ml ofethanoland 10 ml of a^e6ns2N 
^^(h -as stnred at reflux overnight. Alter work-up the solvents were ev^,3ted and 
thecxiideproductwaspurifiedovercoIumnchromatographyCeluent: lQ/90ethyI 
aoetate^exane) to give 0.7 g (3.8 mmol. j^eld: 40 %) of HI as a pasty solid. 'H NMR 
(400 MHz. CDa3) 6: 7.49 (m, 4H). 7.42 (m. IH). 7.08 (m. 2HX 6.90 (d. 8.1 Hz. 
115. 5.06 (s, IH). 2.63 (dd.y= 15.2, 7.6Hz. 2H). 1.24 (t,y= 7.I H. 3H) 
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Example 137 

(Compound IV of Scheme 15 where R = ethvl. R' = phenviy A mixture of 0.75 
g (3.8 mmol) of III, 72 mg (0.4 mmol) of /?-toluenesulfonic acid and 1 .0 g (4.6 mmol) 
of MIS in 10 ml of CH2CI2 was stirred at room temperature until complexion (TLC 
analysis). Aqueous Na2S203 was added to the puiple solution and the organic layer was 
separated and dried over MgS04. After evaporation of the solvents and purification over 
a short pad of silica gel (eluent: 15/85 ethyl acetate/hexane), 1.4 g (4.1 mmol, yield: 83 
%) of IV were isolated as a pasty yellow solid. 'H NNfR (400 MHz, CDCI3) 5: 7.52 (d, 
J= 1.4 Hz, IH), 7.48 (m, 4H), 7.40 (m, IH), 7.08 (d, 7= 1.4 Hz, IH), 5.40 (s, IH), 2.59 
. (dd, J = 1 5.2, 7.6 Hz, 2H), 1 .23 (t, J = 7.5 Hz, 3H). 

Example 138 

(L72, Compound VII of Scheme 15 where R = ethvK R' = phenyl R" = n- 
propvL A = A7). This compound was prepared in the manner previously described for 
Compound VI of Example 134 except that benzene was used instead of cyclohexene in 
Example 131. ^H NMR (400 MHz, CDCI3) 5: 7.61 (d, / = 7.6 Hz, 2H), 7.42 (t, J- 7.3 
Hz, 2H), 7.34 (d, /= 7.3 Hz, IH), 7.27 (m, IH), 7.21 (d, / » 2.1 Hz, IH), 7.17 (d, 7= 
9.6 Hz, IH), 7.18 (d,y= 15.2 Hz, IH), 7.07 (d,y= 2.1 Hz, IH), 6.69 (d,y= 15.8 Hz, 
IH), 5.90 (s, IH), 3.13 (t, 7= 6.3 Hz, 2H), 2.68 (dd, 15.2, 7.5 Hz, 2H), 2.34 (s, 3H). 
1.28 (t, J- 7.6 Hz, 2H), 1.15 (m, 2H), 0.53 (t,y= 7.4 Hz, 3H). 

Example 139 

fL73. Compound VII of Scheme 15 where R = ethvL R' = ohenvL R" = 1-- 
fluoropropvl. A = A7). This compound was prepared in the manner previously 
described for Compound VI of Example 134 except that benzene was used instead of 
cyclohexene in Example 131 and l-fluoro-3-bromopropane was used instead of 1- 
bromopropane in Example 126. ^H NMR (400 MHz, CDCI3) 5: 7.57 (d, 7 = 7.6 Hz, 
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2H). 7.42 (t. 7.3 Hz, 2H), 7.36 (d, y= 7.3 Hz. IH). 7.27 (m. IH). 721 (d. 7= 1.9 Hz. 
IH). 7.1 7 (d. /= 5.6 Hz, IH), 7.09 (d. 15.9 Hz. IH). 7.07 (d. /= 1 .9 Hz. 11^. 6.69 
fd.y- 15.9 Hz. IH). 5.91 (s. IH). 4.12 (t.y=6.1 Hz. IH). 4.(k)(t.y^ 
:t.y=5.8 Hz, 2H).2:69(dd.y=15.0. 7.4Hz. 2H).2.34(s.3H). 1.56 (n,.2H). 1.29 (t./ 




Scheme 16 depicts another alternative method for preparing modulatois ^tfa a 
variety of substituents at the r2 and positions. 
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Example 140 

fCoThpound XI of Scheme 16 where R = tert-hutvl R' = H> R" = H). A mixture 
of 5.2 g (35 mmol) of 4-/er/-butyi phenol, 17.0 g (52 mmol) of CS2CO3 and 3.6 ml (5.0 
g, 42.5 mmol) of allyl bromide in 70 ml of dry DMF was stirred at room temperatiire 
overnight. Water (200 ml) was added and the mixture was extracted with ethyl acetate. 
The organic layer was dried over MgS04. After evaporation of the solvents, the crude 
oil was purified over a short pad of silica gel (eluent: 5/95 ethyl acetate/hexane) to 
afford 9.5 mg (50 mmol, yield: 96 %) of XI. NMR (400 MHz, CDCI3) 6: 7.30 (d, J 
= 6.9 Hz, 2H), 6.88 (d, 7 = 6.9 Hz, 2H), 6.09 (m, IH), 5.41 (d, 7= 17.6 Hz, IH), 5.27 
(d, y = 10.6 Hz, IH), 4.53 (m, 2H), 1.30 (s, 9H). 

Example 141 

(Compound I of Scheme 1 6 where R = /erNbutvl R' = H, R" = H). A mixture of 
1.9 g (10 mmol) of XI , in 20 ml of MiV-diethylaniline was stirred at reflux for 2 hours. 
After cooling, the solution was triturated with 2N aqueous solution (200 ml) and 
extracted with ethyl acetate. The organic layer was dried over MgS04. After 
evaporation of the solvents, the crude oil was purified over a short pad of silica gel 
(eluent: hexane and 5/95 ethyl acetate/hexane) to afford 1.3 g (6.8 mmol, yield: 68 %) 
of I. ^H NMR (400 MHz, CDCI3) 6: 7.15 (dd,y= 8.4, 2.2 Hz, IH), 7.1 1 (d, J= 22 Hz, 
IH), 6.75 (d, y = 8.4 Hz, IH), 6.05 (m, IH), 5.19 (m, 2H), 4.86 (broad s, IH), 3.41 (d, J 
= 6.3 Hz, 2H), 1.29 (s, 9H), 1.26 (t, /= 7.0 Hz, 3H). 

Example 142 

(Compound II of Scheme 16 where R = /gr/-butvK R' = H. R" = H). 
Hydrogenation (Pd/C, ethyl acetate, 1 atm H2) of 1.3 g (6.8 mmol) of I afford 1.3 g (6.8 
mmol, yield: 100 %) of n. ^H NMR (400 MHz, CDCI3) 6: 7.12 (d, 7 = 2.2 Hz, IH), 
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7.09 (dd, y= 8.2, 22 Hz, IH), 6.69 (d,y= 8.2 Hz, IH), 4.54 (broad s, IH), 2.57 (t,y= 
7.4Hz,2H), 1.65(ni.2H), 129 (s,9H),0.98 (t,y=7.1 Hz, 3H). 

Examplel43 

(L74. Compound Vm of Scheme 16 where R = /g/t-butvL R' = H. R* = R R" = 
n-propvn. Compoimd was prepared in the manner previously described for Compound 
Vin in Example 129, excqjt that Compound II of Bcample 142 was used instead of 
Conq>OHnd II of Example 124 in the synthetic route. 'H NMR (400 MHz, ObCls) 5: 
726 (d,y= 5.1 Hz, IH), 720 (d, y- 2.4 H^ IH), 7.1 8 (d, y= 5.3 Hz, IH), 7.1 1 (d, 7= 
15.8 Hz, IHX 7.06 (d. 7- 2.4 Hz, IH), 6.67 (1 7= 15.8 Hz, IH), 5.87 (s, IH), 3 J3 (t, y 
= 6.4 Hz, 2H), 2.64 (dd, y= 7J Hz, 2H), 227 (s, 3H), 1.69 (in, 2fl), 1.48 (m, 2H), 132 
(s, 9H). I.OO (t. y= 7.3 Hz, 3H). 0.82 (t. y= 7.4 Hz. 3H): 

rLI DB;. Cmnpoi^ XI bf SfcMmiei6^WlMfe H » firif-^utvL R' « H. R" H: R*" » 
n-bntvR; Conq>bund was prepared in the manner previously described for Compburad 
Vn in Eziample 129, except diat benzyloxo-phenol was used instead of 2-tert-butyl-4- 
benzyloxo-phenol in Example 124. 'HNMR (4(K) MHz, CEOs) S: 7.34 (dd, y= 8.6, 
2.5 Hz, IH), 725 (d, y= 52 Hz, IH). 7.22 (d,y=2.5 Hz, IH), 7'l6 (d, y= 52 Hz, IH), 
7.07 (d. y = 15.8 Hz, IH), 6.92 (d, y = 8.6 Hz, IH), 6.68 (d, y= 1 5.8 Hz, IH), 5.87 (s, 
IH), 3.93(t, y = 6 J Hz, 21^, 225 (s, 3H), 1 .65 (m, 2H), 1 .36 (m, 2H), 1 .31 (s, 9H). 0.89 
(t,y= 7.4 Hz, 3H). 
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0I5110.0092.UTL 



Scheme 17 




HI viii 

Scheme 17 depicts an alternate method of preparing unsyrametrical modulators 
5 of type VIII , in which R, R', R", R'", and R'"* can all be modified. 

Example 145 

(Compound II of Scheme 17 where R = ethyl R' = tert-hulvh R** = methvH. To 
a solution of 5.4 g (17.6 mmol) 2-rm-butyl-4-ethyl-6-iodo phenol in 45 ml of dry ether, 
was added 18 ml of nBuLi (1.6 M in hexane) at - 78 °C. The mixture is warmed-up to 

1 0 room temperature until complete consumption of the starting material (TLC analysis) 
and, then cooled to - 78 again. N^N-dimelhyl acetamide (5 ml) diluted in 5 ml of dry 
ether was then added dropwise and the mixtwe was allowed to warm-up to room 
temperature. After complexion of the reaction (2-5 hours), water was added and the 
solution was extracted with ethyl acetate. The organic layers were combined, dried over 

15 MgS04 and evaporated after filtration. The crude oil was purified over column 

chromatography (eluent: 5/95 ethyl acetate/hexane) to give 1.9 g (8.4 mmol, yield: 48 
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7.32 (d,J= 1.9 Hz, IH), 2.63 (s. 3H), 2.60 (dd. 7= 15.2. 7.5 Hz, 2H). 1.42 (s, 9H). 1.23 
(t,J=7.2Hz,3H). 



Eiample 146 

(Compound IH of Scheme 1 7 where r'= eth y ]. R' = tert-hutvl. R" = meHivl, R" 
= HI A mixture of 1.9 g (g.4 mmol) 2-h)droxy.3-/e7*-bu#5-elhyl acetopKenooe and 
9.0 g (26 mmol) of (cari>ethoxy-«thyUdene)tnphenyii^h6^korane in 40 ml of <fry 
toKeiie ^refluxed overnight After a)6lirig 6t i^^ ieai^cratOK,^ solvents were 
evaporated and Ac crude combam dirKlfypUTiM^ colunta clnom^gr^hy 
(etaent: IOi^ethyrac«tat^eMne) to giw^ ig 
NMR (466 MHz. CDClsyS: 735 (d.V= 1.6Hz. IH), ^.28 (d.y= 1.6 Hz; IH). 6.26 (s. 
lH),2.70(dd,J'= 15.2. 7.6Hz.2H),2:43 (S.3H). 1.49 (s.9H). 1^7 (t,y=7.7H2. 3H). 

Ekairibiei47 

(L7S. (Soinpoimd of Scheme i 7 where R = ethvj. R' = /grf-butvl R" = 
methyl, R-'-H. R^^n-propyi , R"^- H) TTiis cbfap^mid was pr^ared in the mamier 
previously described for Compound Vm in Scheme 5. 'HN1V4R (400 MHz, CDCI3) 5: 
7.09(d,y=2.8Hz. IH). 6.77 (d.y=2.8 Hz, IH), 6.62 (dd,y= 15.2, 1 1.1 Hz. 2H). 6J23 
(d. y= 15J2 Hz, IH). 6.19 (d. y= 1 1.1 Hz, IH), 5.76 (s. IH). 3.69 (m. IH). 3.64 (m. 
IH), 2.59 (dd, y= 15:1. 7.5 Hz, 2H), 2.21 (s, 3H), 2.15 (s. 3H). 1.67 (m. 2H), 1.40 (s. 
9H), 1 .22 (t. y= 7.5 Hz, 3H), 0.94 (t. y= 7.4 Hz. 3H). 

Example 148 

(L76, Compound Vm o f Scheme 1 7 where R = ethyi: R' = fer/-butvL R" = 
methyl, R-'^H, R-^n-butyi, R""=H) This coiripound was prepared in the manner 
previously described for Cbmpound Vm m Scheme 5. 'H NMR (400 MHz, CDOs) 6: 
7.08(d./=2.8Hz. IH), 6.78 (d.y-2.8 Hz, IH), 6:62 (dd,/= 153. Il.l Hz,2H),623 
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(d, 15.3 Hz, IH), 6.20 (d, 7=11.1 Hz, IH), 5.76 (s, IH), 3.70 (m, 2H), 2.59 (dd, 7- 
15.1, 7.6 Hz, 2H), 2.21 (s, 3H), 2.15 (s, 3H), 1.61 (m, 2H), 1.55 (m, 2H), 1.39 (s, 9H), 
1.22 (t, y = 7.5 Hz, 3H), 0.91 (t, 7= 7.4 Hz, 3H). 

Example 149 

(L77« Compound Vm of Scheme 17 where R = ethvl. R' = fcrr-butvl. R" = 
methvL R'" =H. R"" - l-fluoropropvl. R'^'" = ff). This compound was prepared in the 
manner previously described for Compound VIII in Scheme 5. 'H NMR (400 MHz, 
CDCb) 5: 7.09 (d. J= 2.1 Hz, IH), 6.80 (d, 7= 2.1 Hz, IH), 6.57 (dd, 7= 15.2, 11.1 
Hz, 2H), 6.24 (d, y= 15.2 Hz, IH), 6.22 (d, 7= 11.1 Hz, IH), 5.76 (s, IH), 4.55 (m, 
IH), 4.50 (m, IH), 3.82 (m, 2H), 2.60 (dd, 7 = 15.2, 7.5 Hz, 2H), 2.22 (s, 3H), 2.13 (s, 
3H), 2.01 (m, 2H), 1.39 (s, 9H), 1.23 (t,y= 7.6 Hz, 3H). 

Example 150 

(L78, Compound VIII of Scheme 17 where R = ethvl. R' » /err-but vl. R" = 
methvl. R"' = H. R"" = thiomethoxvmethvl. R'"" = ff). This compound was prepared in 
the manner previously described for Compound VIII in Scheme 5. 'H NMR (400 
MHz, CDCb) 5: 7.12 (d,y=2.7 Hz, IH), 6.79 (d,y= 2.7 Hz, IH), 6.59 (dd, /= 15.1, 

1 1.0 Hz. IH), 6.26 (d, 7= 15.1 Hz), 6.23 (d, 1 1.0 Hz, IH). 5.77 (s, IH). 4.80 (d. 

10.1 Hz. 1H),4.71 (d, y= 10.1 Hz, IH), 2.60 (dd.y= 15.1, 7.6 Hz, 2H), 2.23 (s, 3H), 
2.15 (s, 3H), 1.44(8, 9H), 1.22 (t,y= 7.7 Hz. 3H). 

Example 151 

(L79. Compound VIII of Scheme 17 where R = ethvl. R' = ferr-butvl. R" = 

methvl. R'" = H. R"" = 1 .1 -di-fluoroethvl. R'"" = H). This compound was prepared in 
the manner previously described for Compound VIII in Scheme 5. 'H NMR (400 
MHz, CDCI3) 5: 7.12 (d, 7= 2.0 Hz, IH), 6.81 (d, /= 2.0 Hz, IH), 6.56 (dd, 7= 15.1, 
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lUHz.2H),6.28(d.y= 152Hz, ,H).6.27(d.y=ll., Hz, IH).5.95(dl.y=55^ 

4.0Hz. IH),5.78(s. lH).3.95(„,2H).2.60(dd.y=,5.I.7.5 Hz, 2H).22r(s.3H)' 
2.14(s,3H), 1.40(s.9H), I.23(t,/=7.5Hz,3^). 



Example 1^2 

80, Compound Vm of Scheme 17 wh^p ^eihvi ii'^.^i^^ p,- 
memR--H F-^n ^^t r^o^n^ ^^^^ nuscon^undwHs 
preparedHithemannerprevdousIydescn^edfcn-ConqjoundV^ 

NN^(400MH^CDa3)6:7.26(<^/=2.0Hz,IH).7.I3(d;y.2.0Hz.lH);^^^^ 
/=I4.9.Il.lH^2H),628(4y»,52HklfD.627(d,y.,,.^^ 

= 49.1. 4.0 Hz. IH),5.79(MH).4.I0(n,2H). 2:61 (dd.y»15.I,7^Hz^ 
3H).2.I3(s.3H).IJ9(s.9H).I^(t.y=7.5Hz.3H) 
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Scheme 18 




Ml - IV V 




vm IX 
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i^S^^^I^£Scb^Ug.whereR'=isnpr^ Into a lLn>und-botton,ed 
flask was added 2-h>^xy.5-isop:opyIbenzoic acid (10.6& 55.49 mmoles) and IHF 
(SOOmL). This solution was cooled to O-C andmeftyllitWln^ 

solufon. 435.0 mnibles| was added dropwise via addition funnel. THe reactioii was 

sul,seque«lystin^,ro°CforIhandffi^ 

72h. At this time, the reaction was quenched with eihyi acetatiJ, isopropanol. and 
saturated aqueous An^Aoniuft Chloride. This crude nnxture wSs concentmted /»- 
v.c«., extracted with 5% ethy, aeetat^exahes, at,d fflt«^ cvex a SiHd^ plug aifording 
7.9 g of 1 (43.76 mnioles. :f9% yield) ^HNMR (400X11^. 03X33) 5: iO.32 (s IH) 

2.63(s,3H),1.24(d.J = 6.8H2,6H) / W n;, 

ExahiDie 1 

, n of Si^pmei«, ^^1?. = f.^p^ , ^ j^,, 3 ^ 

battorifed flask fitted with a reflux condenser was added hydroxy-3-is6prx,pyI. 
Ph«»^6ne (7.7 g. 43'.20 nunoles), N-iodosucdnimide (10:69 g. 47.52 rrnnoles) p- 
totoenesulibhicaad(0:822g.4.32nnn6I^).«^^ TTrissoIution 
waShe«ed:t6«fliKiSi.ifc Atti^fin,e.therea^^^^^^ 

aqueous solution of sodiun, tfaiosulfete and extracted ^th methylene chloride. H^e 

orgamc layer was then passed directly over a pad of sih-ca gel and washed with 
mefhyle^echloride to elute the product. Removal of the solvent afforded 
I2.8gofn (42.19 mmoles,98o/„ yield). 'HNMR (400 MHz. 0003)6- 109(s IH) 
7.87 (d. 7 = 22 Hz. IH). 7.62 (d. J = 2.0 Hz. lH).332(n, 1H)2.61 (s.3H). 1^1 9^1 
= 6.6Hz,6H) y» u,j 
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Example 155 

f Compound III of Scheme 18, where R' = isopropvL R** = H>> Into a 500 mL 
round-bottomed flask fitted with a Dean-Stark apparatus and a reflux condenser was 
added l-(2-Hydroxy-5-iodo-3-isopropyl-phenyl)-ethanone (12.8 g, 42.19 mmoles) and 
Toluene (300 mL). To this was added (Carbethoxymethylene)triphenylphosphorane 
(34.0 g, 97.0 mmoles), and the solution was heated to reflux overnight using a Dean- 
Stark trap. The reaction was then passed directly over a pad of silica gel and washed 
with hexanes to elute the Toluene. A 10% Ethyl Acetate/Hexanes solution was then 
used to elute the product off of the silica gel. Removal of the Solvent in-vacuo afforded 
6.6 g of III (20.1 mmoles, 47% yield). NMR (400 MHz, CDCI3) 5: 7.75 (d, J = 1.9 
Hz, IH), 7.70 (d, J = 2.0 Hz, IH), 6.29 (s, IH), 3,58 (m, IH), 2.41 (s, 3H), 1.28 (d, J = 
6.9H2,6H) 

Example 156 

(Compound IV of Scheme 18> where R' = isopropvK R = LKL2.2-. 
pentafluoroethvL R" = H). Into a flame-dried 250 mL round-bottomed flask equipped 
with a cold-flnger condenser was added Zinc(s) (3.98g, 60.95 mmoles) and DMF (50 
mL). This mixture was heated to A(fC and Perfluoroethyliodide(g) was bubbled into 
reaction mixture until the Zinc dissolution was complete. This solution was allowed to 
cool to room temperature. At this time, the perfluoroethylzinc reagent was slowly 
cannulated into a slurry of CuBr (4.81 g, 33.53 mmoles) and DMF (50 mL) making sure 
to keep the temperature less than 30*^C. Ill (5.0g, 15.24 mmoles) was then added and 
the solution was heated under nitrogen to 65^C for 6h. The resultant mixture was 
quenched with NH4Cl(aq) and extracted 2x with EtOAc. The organic layer was washed 
with Brine, collected and filtered over a pad of Celite. The solvent was removed in- 
vacuo and the crude oil was chromatographed on Silica gel (10% Ethyl 
Acetate/Hexanes) affording 3.96g (12.37 mmoles, 81% yield) of IV. ^H NMR (400 
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MHz, CDa3) 6: 7.67 (, IH). 7.64 (s. ,H). 6.39 (s. IH). 3.67 (m, IH). 2.49 (s. 3HX 1 33 
(d,J = 6.8lj2,6H) 

Exainbie 1.^7 

rCortp6imdVof5;rh^,|>t.wh^^ = i i ^ -> p^»c»n.rt.y. ^ 
;sapn,pvi, R"^HX Into a flaine-dri^ 250 mL n>und-fottc>A.ed flask eqairafed for 
magnetic stirring was added of A' (6.820& 2.56 imnoles) ^ Et^O (25 mL) TMb 
solution was cooled to d^C and tiAlHi (97mg, 2.56 nnnoles) wak added aid tben 
allowed to stir for a. At this point, the i^ction was compile Ky TLC ^dysis 
therefore no additfor.aI liAlH,^ wasadd^ Thereaction was qu«iched with a 10% 

(wA.)NaOHsoIi«,W(Ohfye^.gbtoqu^chthe,eaction> ITns heterogeneous 
mixturewasfiJteredoverasmaBpadof^l^^^ ^^g,^^ 
was concentrate arid dned /«iv««^^^^ 3 cn^de oil that was us^ wrtbont further 
purification. 'HNMR(4(K)MHz. CI)CW6: 732 (s, IH), 7.10(s, IH). 6.12 (broad s 
11^6.03 (U = 73H^ 'H)'3.92(d. J = 7.3Hz.2H).333(n. lH).2.06(s. 3H). 139 
(t, J = 6,9 Hz, IH); 1 .25 (d, J = 7.0 Hzi 6H) 

Example istt 

(CompSundVf of<;rheme7« ^^^ ^ ^ ja^_2^,„„^^ p._ 
isopropvl^R-^H R- = .rh, ^> foto a 1 00 round-botton^ed flask equipped for • 
magneticstiningwasaddedcrudeV(2.56mnK,lesrnax)andDM^ Cerium 
Carbonate (4.]7g, 12.8 nunoles) and lodoethane (0.215 mL. 2.69 nnnol^) were then 
added and the solution was stirred at room temperature overnight. At this point a 1 0% 
EtOAc/Hexanes solution was added and the resultant mixture Was fiJte.^ over a silica 
plug using a 10% EtOAc/Hexanes solution to etote VI. The filtrate was concenimed 
and dned /«.vaa«, afibrtiirJg a yellow oil that Was used without further purification. 'H 
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NMR (400 MHz, CDCI3) 6: 7.38 (d. J = 2.2 Hz, IH), 7.14 (d, J = 2.2 Hz, IH), 5.87 (t, 
7.7 Hz, IH), 3.83 (m, 4H), 3.37 (m, IH), 1.37 (t, J = 7.2 Hz, 3H), 1.24 (m, 7H) 

Example 159 

f Compound VII of Scheme 18. where R = Kl,h2^-pentafluoroethvL R* = 
isopropvh R" = ethyl). Into a 100 mL round-bottomed flask was added crude V (2.56 
mmoles max), dichloromethane (20 mL), and NMO (1 .0 g, 8.54 mmoles). TPAP 
(Catalytic, Spatula tip) was then added and the solution was stirred at RT for Ih. The 
crude solution was then passed directly over a silica plug and the aldehyde was eluted 
with dichloromethane. The filtrate was concentrated and dried in-vacuo affording crude 
VII which was used without further purification. ^H NMR (400 MHz, CDCI3) S: 
9.39(d, J = 8.1 Hz, IH), 7.49 (d, J = 2.1 Hz, IH), 7.22 (d, J = 2.1 Hz, IH), 6.17 (d, J = 
8.0 Hz, IH), 3.81 (q, J = 7.0 Hz, 2H), 3.39 (m, IH), 2.35 (s,.3H), 1.34 (t, J = 7.0 Hz, 
3H)^1.26(d,J = 6.9Hz,6H) 

Example 160 

(Compound Vin of Scheme 18, where R = 1,1,1.2.2-pentafluorocthvL R' = 
isopropvl. R" = H, R'" = ethvl, R'"' = H). Into a flame dried round-bottomed flask was 
added triethyl-3-methyl-4-phosphonocrotonate ( 2.45 mL, 10.24 mmoles), THF (30 
mL), and DMPU ( 5 mL). This solution was cooled to -78*^C and n-BuLi (4.0 mL of a 
2.5M solution in hexanes, 9.98 mmoles) was added dropwise via syringe. The reaction 
was then allowed to stir for 30 min at -78**C. At this time VII (2.56 mmoles max) was 
added in THF (10 mL) and the solution was allowed to stir at -78**C for 2h. 
Subsequently, the reaction was quenched with distilled water and extracted with a 10% 
EtOAc/Hexanes solution. The organic lay^ was directly passed over a silica gel plug 
and the ester was eluted using 10% EtOAc/Hexanes. The filtrate was concentrated and 
dried in-vacuo affording a yellow oil that was essentially pure VIU by NMR. NMR 
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Etamp le IK? 

ggl. Compound jynfQ^h^P I . p 11,1, 

E_233.K fa compound was pi^ared as described 

«.27,d.,= ,5.5H^ ,HX5,77fe IH). 3.67 (hroad 2H); 339 (n. IH) 22,73^ 
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Example 163 

flL82, Compound IX of Scheme 18. where R = KKL2.2'pentafluoroetfavl R' = 
isopropvl. R" = H. R'" = KlJ-trifluorobutvU R"" = H). This compound was prepared as 
described previously for Compound IX in Example 161 except that l,l,l-trifiuoro-4- 
iodobutane was used instead of iodoethane in Example 1 S8. NMR (400 MHz» 
CDCb) 5: 7.41 (d, J = 2.1 Hz, IH), 7.14 (d, J = 2.1 Hz, IH), 6.41 (dd, J= 15.2 Hz, 10.8 
Hz, IH), 6.29 (d, J = 10.8 Hz, IH), 6.27 (d, J = 15.2 Hz), 5.76 (s, IH), 3.74 (broad s, 
2H),3.29 (m, lH),2.26(m, 2H),2.18(s, 3H), 2.09 (s, 3H), 1.92 (m,2H), 1.24(d,J = 
6.8Hz,6H) 

Example 164 

(L83, Compound IX of Scheme 18. where R = K1,K2.2-pentafluoroethvL R' = 
isopropvl R" - H> R'" = n- butyl, R'"V= H). This compound was prepared as described 
previously for Compound IX in Example 161 except that iodobutane was used instead 
of iodoethane in Example 158. 'H NMR (400 MHz, CDCI3) 8: 7.41 (d, J = 2.1 Hz, IH), 
7.14 (d, J = 2.1 Hz, IH), 6.48 (dd, J = 15.3 Hz, 10.9 Hz, IH), 6.28 (d, J = 7.6 Hz, IH), 
6.27 (d, J = 15.4, 1:H),5.77 (s, IH), 3.71 (broad s, 2H), 3.38 (m, IH), 2.20 (s, 3H). 2.12 
(s, 3H), 1.67 (m, 2H), 1.43 (m, 2H), 1.25 (d, J = 6.8 Hz, 6H), 0.93 (t, J = 7.3 Hz, 3H) 
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Scheme 19 



i/fr-xcsjCOj 

DMF 
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1' 



2{HO)B 





See Scheme 11 
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A3 M AS A6 



A7 AS 



Scheme 19 depicts an ahemate method to introducing a variety of substituents at 
R and R-in modulators of type Vniv 

Example 165 

(L84, Compound Vm o f Scheme 19 . where H = ^hyi R' = tert-h^l « i- 
fluoropropYl,A = A7) This compound was prej^red as descnT>ed previous^ 
Compound Vmin Example 82 according to Scheme 5. 'HNMR (40D ISfflz, CDa^) S: 
7.32 (d. y= 5.1 Hz. IH). 7.1 7 (d,y = 2.0 Hz. IH). 7.10 (d.y= 5.2 Hz. IH^ 7.00 (d.y= 
15.8 Hz. IH), 6.93 (d. y= 1.9 Hz. IH). 6.65 (d. y = 15.8 Hz. IH). 5.87 (s. IH). 4.45 (t. J 
= 5.4. Hz, IH). 4.32 (t. y = 5.4 Hz. IH). 3.51 (m. 2H). 2.63 (dd. J= 15.2. 7.6 Hz. 21^. 
224 (s, 3H). 1.85 (m. IH). 1.75 (m. IH), 1.43 (s, 9H). 1.25 (t,y= 7.5 Hz. 3H). 



Example llifi 

(L85, Compound Vm of Scheme 19 wh^ p = tert.h„^, r. ^ ^^tfavL R" = n- 
j)utv!,A^.A7). lWscdmp6uhawasprqpafih«3^^ 

Vni in Example 82 according to Scheme 5. 'H NMR (400 MHz. CDCI3) 5: 7.25 (d. y 
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VIII in Example 82 according to Scheme 5. 'H NMR (400 MHz, CDCI3) 6: 7.25 (d, J 
= 3.1 Hz, IH). 7.20(d,y=2.3 Hz, IH), 7.18 (d, 7= 5.3 Hz, IH), 7.10(d,y= 15.8 Hz, 
IH). 7.05 (d, J= 2.4 Hz, IH), 6.67 (d,y = 15.8 Hz, IH), 5.88 (s, IH), 3.41 (t, y= 6.4 
Hz, 2H), 2.33 (s, 3H), 2.26 (s, 3H), 1.45 (m, 2H), 1.31 (s, 9H), 1.28 (m, 2H), 0.79 (t, 7 = 
5 7.3 Hz, 3H). 

Example 167 

(L86. Compound VIII of Scheme 19: where R = ethvl. R' = rm-butvl. R" = 1.1- 
difluoroethvL A = A7). This compound was prepared as described previously for 
Compound Vin in Example 82 according to Scheme 5. 'H NMR (400 MHz, CDCb) 5: 
10 7.34(d,y=5.2Hz, lH),7.19(d,y=1.9H2, 1H),7.11 (d,y=5.0H2, lH)i6.99(d,y= 
15.9 Hz, IH), 6.95 (d,y= 1.9 Hz, IH), 6.68 (d.y = 15.9 Hz. IH), 5.89 (s, IH), 5.63 (tt, 
7= 55.4, 4.2 Hz, IH), 3.58 (m, 2H), 2:64 (dd,y= 15.2, 7.6 Hz, 2H), 2.25 (s, 3H), 1.43 
(s, 9H), 0.88 (t, y = 6.5 Hz, 3H). 

Example 168 

rL87. Compound VIII of Scheme 19. where R = ethvl. R' = /g/t-butvl. R" = 1.1- 
difluoroethyl. A = Al). This compound was prepared as described previously for 
Compound VIII in Example 82 according to Scheme 5. 'H NMR (400 MHz, CDCI3) 5: 
7.73 (m, IH), 7.39 (m, 3H), 7.20(s, IH), 6.89(d,y= 16.1, Hz, IH), 6.77 (d,J= 16.1 
Hz, IH), 5.88 (s, IH), 5.36(dt, y= 56.3, 4.3 Hz, IH), 3.52 (m, 2H), 2.64 (dd, y = 15.1, 
7.6 Hz, 2H), 2.18 (s, 3H), 1.65 (m, 2H), 1.42 (s, 9H), 1.25 (t, 7= 6.9 Hz, 3H). 

Example 169 

rL88. Compound VIIl of Scheme 19. where R - ethvl. R' - terf-butvl. R" « n- 
butvl. A- Al). This compound was prepared as described previously for Compotmd 
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- 1.9 Hz. ]H), 6.76 (d, y= 16.1 Hz. IH), 5.87 (s. IH), 3.34 (m. IH), 3.29 (m. IH). 2.62 
(dd, y = 15.2, 7.6 Hz. 2H), 2.19 (s. 3H). 1.42 (s. 9H). 1 .31 (m, 2H), 1.24 (t. 7= 7.4 Hz, 
3H), 1.12 (m, 2H). 0.67 (t,/= ,7.2 3H). 

Eiample 170 

(L89, Compound Vm of Sc heme 19. wht-r^ R « eflivl. R' « /e/t-bntvl. = 
fluQfppropyl, A = phenyl) This compound was prepared as described previously for 
Cpn^und vm in Example 82 ao^iding to Scheme S. 'H NMR (400 MHz. CDQa) 6: 
7.62 (m, IH), 7.^8 (m, 3H), 7.18 (<ty» 2.1 Hz. IH). 6.92 (d^Jf 16,1 Hz. iH),6.89 (d, 
y=2.I Hz, IH), 6.78 (4 J= 16.1 H^ IH). 5.89 (s, IHX 4,24 (m. 21^^ 
3.40 (m, IH). 2.63 (dd,y= 15.2, 7.6Hz, 2H), 2.19 (s, 3H). 1.62 (m, 2H), 1.42 (s, 9H). 
1^5 (t.^?^ 7.7 Hz, 3H), ^ 

Example 171 

(L90, Compoiirid Vni of Sch eme 19. wh^ R = efhvl R' = tert-hutvl. R" = 
V^^'-AJ), This compound was prepared as deiscribed previously for Compound 
vm in Exan^le 82 according to Scheme 5. 'H NMR (400 MHz, CDCI3) 5: 7.69 (t, J= 
5.4 Hz, IH), 7J5 (m, 3H). 7.16 (d. y= 2.2 Hz. IH). 6.96 (d, 7= 16.0 Hz, IH), 6.87 (d, J. ^ 
-2.2Hz. lH),6.76(d,/= 16.0 Hz. lH).5.87(s, lH),3.34(m, IH). 3.32 (m, 2H). 2.62 
(dd,y= 15.2, 7.6Hz.2H),2.19(s,3H), 1.42 (s,9H). IJ0(m.2H), 1.24(1,/= 7.5 Hz, 
3H),d.62(t.y=7.5Hz,3H). 

Example 172 

rL91v Compound VBI of S cheme 1 9. where R = efliy' , R' = tert-hutyl R" = 
flnoroeth>^, A = phenyl). This compound was prgjared as described previously for 
Compound Vm in Example 82 according to Scheme 5. 'H NMR (400 MIfe, GDCfe) 5: 
7.71 (m, IH), 7.37 (m, 3H). 7.19 (d, 7= 1.9 Hz. IH). 6.94 (d. 7= 16.1 Hz. IH), 6.89 (d, 
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Compound VIII in Example 82 according to Scheme 5. 'H NMR (400 MHz, CDClj) 5: 
7.71 (m, IH), 7.37 (m, 3H), 7.19 (d, 7= 1.9 Hz, IH), 6.94 (d, 7= 16.1 Hz, IH), 6.89 (d, 
J= 1.9 Hz, IH), 6.76 (d,y= 16.0 Hz, IH), 5.89 (s, IH), 4.25 (t, 7= 2.0 Hz, IH), 4.13 (t, 
y= 2.0 Hz, IH), 3.55 (m, 2H), 2.62 (dd,y= 15.0, 7.6 Hz, 2H), 2.20 (s, 3H), 1.44 (s, 
5 9H), 1.25(t,y=7.5Hz,3H). 

Example 173 

fL92. Compoimd VIII of Scheme 19. where R = ethyl. R' = rer/-butvl. R" = 
ethvl. A =Al]i. This compound was prepared as described previously for Compound 
VIII in Example 82 according to Scheme 5. 'H NMR (400 MHz, CDClj) 6: 7.70 (dd, J 
10 - 5.5, 3.6 Hz, IH), 7.36 (m, 3H), 7.16 (d, 2.1 Hz, IH), 6.98 (d, 16.0 Hz, IH), 
6.86 (d, y- 2.1 Hz, IH), 6.78 (d, y= 16.0 Hz. IH), 5.88 (s, IH), 3.35 (m, 2H), 2.62 (dd, 
y= 15.1, 7.6 Hz, 2H), 2.21 (s, 3H), 1.43 (s, 9H), 1 24 (t,y= 7.5 Hz, 3H), 0.91 (t,y« 7.5 
Hz,3H). 
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Scheme 20 




Schane2ddg,ictsamethodforintn>ducmgaminegroups^^^^^ 
the lOT unsynmielncal moduiatbfs. 



Example 174 

5.0 g (32.6 nm»l) on.ac«yI^™sl„.«.„i„^, and 500,ng of 10 %P<W: a 20 
ml of afty. accwe «in«f ™d« h^gei «nK,s^ fcr 16 hours. lie mi«u„ 
was fitoW o>-ceIi.e«. fl»*h^.™po««. ™,««ta„dp^Tj, ^ 
was direofly dissolved i«o«,^„f,^^^,^^j,^^ 
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followed by 5.2 ml of fonnaldehyde (37 % in water) were added. The solution was 
cooled to 0 and NaBHaCN (excess) was added portionwise. After complexion of the 
reaction (TLC analysis), the solvents were removed and he residue purified over silica 
gel column chromatography (eluent: 10/90 ethyl acetate/hexane) to afford 2.9 g (15 
mmol, yield: 73 %) of III. NMR (400 MHz, CDCI3) 6: 10.75 (s. IH), 7.15 (d, 
1.7 Hz, IH), 6.90 (d, J= 1.7 Hz, IH), 2.81 (s, 9H), 2.61 (s, 3H), 2.29 (s, 3H). 

Example 175 

(Compound IV of Scheme 20. where R = methvL R* = methvD. A mixture of 
1 .9 g (10 mmol) and 8.7 g (25 mmol) of carbethoxy triphenylphoshonoacetate in 
toluene was refluxed for 16 hours. After complexion of the reaction (TLG analysis), the 
solvents were removed and he residue purified over silica gel column chromatography 
(eluent: 15/85 ethyl acetate/hexane) to afford 1.9 g (8.7 nrniol, yield: 87 %) of IV. ^H 
NMR (400 MHz, CDCI3) 6: 6.95 (d,y= 1.8 Hz, IH), 6.89 (d,y= 1.8 Hz, 1H),.6.24 (s, 
IH), 2.90 (s, 6H), 2.39 (s, 3H), 2.38 (s, 3H). 2.37 (s, 3H). 

Example 176 

fL93, Compound XII of Scheme 20. where R = methyl R" = methvl. R*** = n- 
butvl). This compound was prepared as described previously for Compound VTI 
according to Scheme 5. ^H NMR (400 MHz, CDCI3) 6: 6.66 (d, J = 2. 1 Hz, IH), 6.57 
(dd, y= 15.5, 10.9 Hz, IH), 6.47 (broad s, IH), 6.21 (d, J= 14.6 Hz, 2H), 5.74 (s, IH), 
3.73 (m, 2H), 2.82 (s, 6H), 2.28 (s, 3H), 2.17 (s, 3H), 2.13 (s, 3H), 1.57 (m, 2H), 1.39 
(m, 2H), 0.89 (t, J= 7.4 Hz, 3H). 

Example 177 

(L94, Compound XII of Scheme 20. where R = methvl R" = methvK R'" = n- 
propvl). This compound was prepared as described previously for Compound VII 
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•cc<mi,„S.0ScI».e5.'HNMR(4«, MHz. a>a3)5: 6.66 (s.,H).6^7(d4.y-,S5 
.0.8H...H).6.47(MH),6.2,(d.y=,5.4m,,HX5.74(s,IH).3.7«(.„.2H)2«"' 
& 6H). 2.1 7 3H). 2.14 (s, 3HX ].6I(m, 2HX 0.93 tt y = 7.4 3H) 



ITS 



torn. J^^f^^-^wipn^pi^i^d&hl^dp^^ 
Vn 3ccor*„g«, Sch«&i •HNJ«(4«0I^ CBdj,: «.67(^ 5,^3 ^ . 

5.75(MiO.4.62(,y=6.,Hz,,H)i4.5O(D-6:0H^,HX3:*6tt.>.5^^^^ 
^0(s.6l5.2:S6(s.342..6fe3HXil3(om..96(„.2H). ^^^-^ 

"eWasi^^B*,*^ aod 5.77„,1 01.5 nm,ol) of a 2M »di™ 

.Tiei p^dced plug usto^ a gradien. soh«, ^ („W 
h«an«»20%«b,lac«a.e*=^an«); Tl.= omdc£icii;^,«,«^„i^^ 
oooc«,ta.«l„„d=,«l>K»ipr«sur.to,da*ho„„siBd. lie ftrt„ 

pmified «sing flash silica col™, chn^ato^j, «„j a gU« »iWn, systen. 

(Chen.: Hcxanes (0.1% accc add) 'olOK^^^n^^.^^^ 

sotvcmsj^em. l*e»Wwasiu«hc,p„rifi«, by ,,,,,,,^ 

ac«a,»*«a.es^a„5i.036gO.4„™0ofn,san„™j^k,„«,Hdi„3^ 
ydd HNMR(500MH^CDa3)S:,2.97fe ,H).S.44(d.y. 2.4Hz. IH,; B36(AJ 
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= 2.4 Hz, IH). 7.57 (dd, J= 8.5 Hz, 1.2, 2H), 7.51 (t, 7 = 7.6 Hz, 2H), 7.44 (t, J= 7.0 
Hz,lH),2.79(s,3H). 

Example 180 

(Compound III of Scheme 20. where R = phenyl R' = methyl). To a 100 ml 
round bottom flask was added 2.0 g (7.8 mmol) of 5-phenyl-2-hydroxy-3* 
nitroacetophenpne and a catalytic amount (0.8 mmol) of palladium on activated 
charcoal in 39 ml ethyl acetate (0.2M) under a hydrogen balloon. The reaction was 
allowed to stir for 12 hrs. at which time the mix was filtered through a celite packed 
plug using ethyl acetate as the eluent. The fractions were collected and concentrated 
under reduced pressure to a dark brown oil. Due to low stability the aminophenol was 
carried on to the next step without further purification. 

Crude 0.5 g (2.2 mmol) 5-phenyl-2-hydroxy-3-aminoacetophenone was added to 
a 100 ml round bottom flask followed by addition of 4.59 ml (44.0 mmol) of a 36% wt 
solution of formaldehyde in water, and 0.23 g (3.3 mmol) zinc chloride in 20 ml (0.2M) 
methanol. The mixture was cooled to OC using an ice water bath and 1 .38 g (22.0 
mmol) sodium cyanoborohydride was added to the mix under nitrogen in small 0.2 g 
portions. Afier addition of the reducing agent, the reaction was allowed to warm to 
room temperature and stir for 1 hr. The reaction was quenched with water and pH 
brought to 7 using IN HCL The reaction was partitioned with ethyl acetate and washed 
3x with ethyl acetate. The orgmic layers were combined and washed Ix with brine, 
dried using sodium sulfate, filtered and concentrated under reduced pressure to a yellow 
oil. The oil was purified using flash column chromatography (eluent: hexanes to 20% 
ethyl acetate/hexane) affording 0.16 g (0.6 mmol) of III in 29% yield. 'H NMR (500 
MHz, CDCI3) 5: 7.54 (m, 2H), 7.45 (m, 3H), 7.36 (m, IH), 7.30 (d, 7= 2.1 Hz, IH), 
2.90 (s, 6H), 2.70 (s, 3H). 
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pear Shaped flask was adderfVn7T«T - jnenyi, K -mpthy?! To a 100 ml 
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100 
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as a crude white foam in 10 ml (0.1 M) N,N-Dimethylfonnamide, 0.1 g (0.8 mmol) 
Difluorobromoethane was added, followed by addition of 0.3 g (LO mmol) cesium 
carbonate under nitrogen. The reaction was allowed to stir for 12 hrs. at room 
temperature at which time 250 ml of a 10% ethyl acetate/hexanes mix was used to 
dilute the mixture. The reaction was filtered through a silica packed plug and the 
orgam*c layers were combined and concentrated under reduced pressure affording 0.07g 
(0.2 mmol) of VI as an oil in 29% yield. *H NMR (500 MHz, CDCI3) 5: 7.54 (m, 2H). 
7.43 (m, 2H), 7.33 ( m, IH), 7.06 (d, 7= 2,1 Hz. IH), 6.92 (d. J = 2.1 Hz, IH), 6.03 (m, 
IH), 5.87 (m, IH), 4.1 1 (m, 2H), 3.94 (d, 7= 7.3 Hz, 2H), 2.86 (s, 6H), 2.1 1 (s, 3H). 

Example 184 

(Compound VII of Scheme 20 where R = phenyl. R' = methvL R" = IJ- 
difluoroethviy To a flame dried 100 ml pear shaped flask 0.07 g (0.2 mmol) VI in 3 ml 
(0.1 M) dichloromethane was added 0.04 g (0.3 mmol) 4-methylmorpholine N-oxide 
and 7 mg (0.02 mmol) Tetrapropylammonium perruthenate. The reaction was allowed 
to stir for 1 .5 hrs at room temperature at which time the reaction was filtered through a 
celite packed plug using dichloromethane as the eluent. The orgam'c layers were 
combined and concentrated under reduced pressure to a dark brown oil. Due to lack of 
stability, the product was earned on without further pxmfication. 

Example 185 

(Compound VIII of Scheme 20 where R = phenyl, R' = methvL R" = 1.1- 
difluoroethvl). To a flame dried 100 ml pear shaped flask under nitrogen was added. 
0.15 g (0.6 mmol) triethyl-3-methyl-4-phosphonocrotonate in 2 ml (0.3 M) 2:1 
tetrahydorfuran:DMPU(l,3dimethyl-3,4,5,6-tetrahydo-2-(lH)-pyrimidinone). The mix 
was cooled to - 78C using an acetone/dry ice bath. 0.23 ml (0.6 nrmiol) of n-BuLi (2.5 
M solution in hexanes) was added dropwise via syringe. The reaction was allowed to 
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6.39(d,y= 15.3 Hz, IH), 6.18 (tt,y= 54.9, 4.5 Hz, 1H), 5.83 (s, IH), 4.70 (bs, IH), 
4.22 (m, 2H), 3.29 (s, 6H), 2.24 (s, 3H), 2.14 (s, 3H). 



Scheme 21 




A1 A2 A3 A4 A5 AS A7 A8 
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overnight. After cooHng at room temperature, water (50 ml) was added and the solution 
was extracted with ethyl acetate. The organic layer was then separated, dried over 
MgS04 and evaporated under reduced pressure. The crude product was purified over a 
short pad of silica gel (eluent: 5/95 ethyl acetate/hexane) and directly used in the next 
step. NMR (400 MHz, CDCI3) 5: 7.60 (d, J = 1 .7 Hz, IH), 7.55 (d, J = 1 .7 Hz, IH), 
4.09 (t, y = 6.4 Hz, 2H), 2.65 (dd, J= 1 5.2, 7.6 Hz, 2H), 1.82 (m, 2H), 4.52 (m, 2H), 
1.25 (t,y= 7.8 Hz, 3H), 0.98 (t, J= 7.5 Hz, 3H). 

Example 190 

(Compound V of Scheme 21 where R = ethvK R' = n-propvl). A mixture of 
crude 2-bromo-4-ethyl-6-nitro propyloxyphenol , 6.7 g (30.0 mmol) of SnCl2 in 20 ml 
of ethyl acetate was heated to reflux. After the reaction was completed (TLC 
monitoring), and cooling at room temperature, water (100 ml) was added. The milky 
solution was filtrated over a celite plug and extracted with ethyl acetate. The organic 
layer was then separated, dried over MgS04 and evaporated under reduced pressure. 
The crude product was directly used in the next step. 'H NMR (400 MHz, CDCI3) 5: 8.2 
(broads, 2H), 7.49 (d,y= 1.7Hz, IH), 7.44 (d,y= 1.7Hz, lH),4.19 (t, J=6.8Hz, 
2H), 2.64 (dd,/- 14.9, 7.5 Hz, 2H), 1.90 (m, 2H), 1.42 (m, 2H), 1.26 (t,y= 7,3 Hz, 
3H),0.97(t,J=7.4Hz, 3H). 

Example 191 

(Compound VI of Scheme 21 where R = ethvl. R' = n-propvL = = methvlV 
A mixture of crude 2-amino-6-bromo-4-ethyl propyloxyphenol, 1.65 g (12.0 mtnol) of 
ZnCb 7.5 ml of formaldehyde (37 % solution in water) in 20 ml of methanol was 
cooled to O^C. An excess of NaBHsCIN was then added portionwise, until the reaction 
was complete (TLC monitoring). Evaporation of the solvent followed by silica gel 
column chromatography afford 1.14 g (3.79 mmol, yield: 64 %, 3 steps) of VI. *H 
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Hz, IH), 4,17 (dd, 7= 14.2, 7.6 Hz, 2H), 3.59 (t, J= 6.3 Hz, 2H), 2.87 (s, 6H), 2.60 (dd, 
y= 15.1, 7.5 Hz, 2H), 1.39 (m, 2H), 1.28 (t, J= 7.2 Hz, 3H), 1.25 (t, 7= 7.6 Hz, 3H), 
1.18 (m, 2H), 0.75 (t,y= 7.4 Hz, 3H). 



Example 194 

fL97. Compound IX of Scheme 21. where R = ethvL R' = n-butvL R** R*^ = 
methvL A= A7). The compound was prepared in the manner previously described for 
Compound IX of Example 186 except that Compound VIII of Example 194 was 
employed in the synthesis. 'H NMR (400 MHz, CDCla) 5: 7.21 (s, IH), 7.10 (s, IH), 
7.07 (d, J= 16.8 Hz, IH), 6.74 (s, IH), 6.65 {s, IH), 6.64 (d, 7 = 14.2 Hz, IH), 5.87 (s, 
IH), 3.56 (t,y= 6.1 Hz, 2H), 2.86 (s, 6H), 2.61 (m, 2H), 2.25 (s, 3H), 1.41 (m, 2H), 
1.28(m, 4H), 0.74 (t, J= 7.2 Hz, 3H).w 

Scheme 22 



R 



Ar-B(OHb 
Pd(PPh3)4 

Tpluene-EtOH 

Na2C03 
>90% 
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Example 197 

^Compound II of Scheme 22, where R - isopropvL R' = H, Ar = 3- 
fluorobenzene). This compound was prepared in the manner previously described for 
Compound II in Example 85 except that 4-fluorobenzene boronic acid was used instead 
of 2-fluon)benzene boronic acid. NMR (400 MHz, CDCI3) 5: 7.61 (d, /= 2.2 Hz, 
IH), 7.55 (d, y= 2.1 Hz, IH), 7,54 (m, 2H), 7.17 (t, J= 8.7 Hz, 2H), 7.28 (m, IH), 7.09 
(m, IH), 6.34 (s, IH), 3.69 {dt,y= 13.8, 6.8 Hz, IH), 2.49 (s, 3H), 1.34 (d, J= 6.9 Hz, 
6H). 

Example 198 

(Compound II of Scheme 22, where R = isopropvh R* = H, Ar = 3,5- 
di fluorobenzene). This compoimd was prepared in the manner previously described for 
Compound II in Example 85 except that 3,5-difluorobenzene boronic acid was used 
instead of 2-fluoroben2en6 boronic acid. ^H NMR (400 MHz, CDCI3) 8: 7.61 (d, J = 
2.0 Hz, IH), 7.57 (d, J= 2.0 Hz, IH), 7.1 1 (m, 2H), 6.88 (m, IH), 6.35 (s, IH), 3.69 (dt, 
y = 1 3.7, 6.8 Hz, IH), 2.50 (s, 3H), 1 .34 (d, 7 = 7.0 Hz, 6H). 

Example 199 

f Compound II of Scheme 22. where R = isopropvl. R' = H. Ar = pyridine). This 
compound was prepared in the manner previously described for Compound II in 
Example 85 except that pyrindyl boronic acid was used instead of 2-fIuorobenzene 
boronic acid. ^H NMR (400 MHz, CDCI3) 8: 8.72 (dd, 7= 4.9, 2.0 Hz, IH), 8. 11 (d, 7= 
2.0 Hz, IH), 8.07 (d, J= 2.0 Hz, IH), 7.78 (m, 2H), 7.18 (m, IH), 3.60 (dt, 7= 13.8, 6.9 
Hz, IH), 2.54 (s, 3H), 1.37 (d, 7= 7.1 Hz, 6H). 
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Example 203 

(L99. Compound IV of Scheme 22. where R = isopropvl. R' = H. R" = 
difluoroeth^^. Ar = 4-fluoroben2ene). This compound was prepared as described 
previously for Compound VIII according to Scheme 5. NMR (400 MHz, CDCI3) 5: 
7.50 (dd, y = 8.6, 5.4 H, 2H), 7.38 (d, J = 2.3 Hz, IH), 7.13 (dd, J= 8.6, 5.4 Hz, 2H), 
7.10 (d, 7=2.4 Hz, IH), 6.56 (dd,y= 15.3, 1 1.0 Hz, IH), 6.32 (d,y= 11.5 Hz, IH), 
5.96 (dt, 7" 55.2, 4.0 Hz, IH), 5.79 (s, lH),4.17(td, J= 13.6, 4.0 Hz, 2H), 3.40 (dt,y= 
13.8, 6.9 Hz, IH), 2.23 (s, 3H), 2.14 (s, 3H). 1.29 (d, 7= 6.9 Hz, 6H). 

Example 204 

(LI 00. Compound IV of Scheme 22. where R = isopropvl. R' = H. R" = 
difluoroethvl. Ar = 3-fluorobenzene). This compound was prepared as described 
previously for Compound VIII according to Scheme 5. 'H NMR (400 MHz, CDCI3) 5: 
7.42(d,y=2.2Hz, IH), 7.38 (dd, 7= 8.1, 5.9 Hz, IH), 7.23 (m, IH), 7.14 (d,y= 2.2 
Hz, IH), 7.04 (m, IH), 6.55 (dd, J= 15.5, 1 1.0 Hz, IH), 6.34 (d, 7= 1 1 .0 Hz, IH), 6.30 
{J= 15.5 Hz, IH), 5.97 (dt, J= 55.3, 3.9 Hz, IH), 5.97 (s, IH), 3.93 (td, 7= 13.4, 3.9 
Hz, 2H), 3.40 (dt,y= 13.9, 6.9 Hz, IH), 2.24 (s, 3H), 2.14 (s, 3H), 1.30 (d, J = 6.9 Hz, 
6H). 

Example 205 

(LI 9. Compound IV of Scheme 22. where R = isopropvl. R' = H. R" - 
difluoToethvL Ar - 2-fluorobenzene'). This compound was prepared as described 
previously for Compound VIII according to Scheme 5. 'H NMR (400 MHz, CDCI3) S: 
7.39 (m, 2H), 7.31 (m, IH), 7.20 (t, J= 7.4 Hz, IH), 7.14 (m, 2H), 6.65 (dd, J= 15.2, 
10.9 Hz, IH), 6.33 (d, /= 10.5 Hz, IH), 6.30 (d, 7 = 15.1 Hz, IH), 5.98 (dt, J= 55.2, 
3.9 Hz, IH), 5.98 (s, IH), 3.94 (m, 2H), 3.40 (dt, 7= 13.9, 6.9 Hz, IH), 2.23 (s, 3H), 
2.17 (s, 3H), 1.29 (d, 7= 6.9 Hz, 6H). 
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Example 207 

(Compound II of Scheme 23. where R = ethvl R' = R" = isopropvL Y = Nffl. 
To a mixture of 90 mg (0.140 mmol) of 2-iodoaniline and 24 mg (0.02 mmol, 5 %) of 
Pd(PPh3)4 in toluene (5 ml) was added 153 mg (0.61 1 mmol) of 2-ethoxy-3,5-di 
tsopropyl benzene borom'c acid diluted in 3 ml of ethanol. To this yellow solution, 0.41 
ml of a 2N Na2C03 solution was added, and the resulting mixture was heated to reflux 
imtil completion. After cooling at room temperature, water was added and the mixture 
was extracted with ethyl acetate. The organic layers were combined and dried over 
MgS04. The solvents were evaporated under reduced pressure and the resulting oil was 
purified over silica gel (eluent: 10/90 ethyl acetate/hexane) to give 70 mg (0.235 mmol, 
yield: 57 %)ofII as a clear brown oil. NMR (CDC13), 6: 7.17 (m, 2H), 7.10 (d,y'== 
2.2 Hz, IH), 6.97 (d, 7 = 2.2 Hz, IH), 6.83 (td, 7= 8.2, 0.9 Hz, IH), 6.78 (d, 7 = 7.9 Hz, 
IH), 3.90 (broad s, 2H), 3.54 (dd, J= 9.2, 7.1 Hz, 2H), 3.42 (ddd, 7= 13.9, 6.9, 6.9 Hz, 
1H),2.90 (ddd,7= 13.8, 6.8, 6.8 Hz, IH), 1.25 (d, J- 6.9 Hz. 12 H), 1.07 (t,y= 7.0 
Hz,3H). 

Example 208 

(Compound III of Scheme 23, where R = ethvL R' = R" isopropvL Y NH). 
To a mixture of 65 mg (0.218 mmol) of 2-(2-ethoxy-3, 5-di isopropyl benzene)-aniline 
and 24 mg (0.176 mmol, 0.75 equivalent) of zinc chloride and 50 ^il (50 mg, 0.352 
mmol) of ethyl-3-methyl-4-oxo crotonate in 3 ml of methanol was added 44 mg (0.705 
mmol, 4 equivalents) of NaBHaCN portionwise at O^C. The mixture was stirred at this 
temperature until complexion and the solvents were evaporated under reduced pressure. 
The residue was then purified over silica gel column chromatogrsqDhy (eluent: ethyl 
acetate/hexane: 5/95) to give 25 mg (0.06 mmol, yield: 27 %) of III as a clear oil. 'H 
NMR (CDC13), 5: 7.19 (m, 2H), 7.11 (d, 7= 2.3 Hz, IH), 6.96 (d, 7= 2.3 Hz, IH), 6.77 
(t, 7- 8.2 Hz, IH), 6.50 (d, 7= 8.1 Hz, IH), 5.94 (s, IH), 4.39 (broad t, 7- 6.0 Hz, IH), 
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3H). ^^•'•^*-'-«»H^SHX,.05fty.7.0a^ 



Biotoaoii, ActtviTy 

S£iSa.240:S8p.95fl^l.y,3 r^""=>5"'«--i>«<b, Evans 

V / ij, the disclosure ofwhirh ,c i,-- • • 
«fo«»ce.thedaner.seJectiveRXP m«w , . "^^^^^^^ .^^^n incorporated by 

t.veRXRn,oduIatorco„ofthep.esenti.vent,-onv.l 
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tested and found to have strong, specific activity as selective RXR modulators, 
including activity as full agonists, partial agonists and/or full antagonists of RXR 
homodimers and/or heterodimer$. This assay is described in further detail in U.S. 
Patrat Nos. 4,981,784 and 5,071,773, the disclosures of which are incoxporated herein 
by reference. 

The co-transfection assay provides a method for identifying functional agonists 
which mimic, or antagonists which inhibit, the effect of native hormones, and 
quantifying their activity for responsive IR proteins. In this regard, the co-transfection 
assay mimics an in vivo system in the laboratory. Importantly, activity in the co- 
transfection assay correlates very well with known in vivo activity, such that the co- 
transfection assay functions as a qualitative and quantitative predictor of a tested 
compounds in vivo pharmacology. See, e.g., T. Berger et al 41 J. Steroid Biochem. 
Molec. BioL 773 (1992), the disclosure of which is herein incorporated by reference. 

In the co-transfection assay, cloned cDNA for one or more IRs (e.g., human 
RARa, RXRa, or PPARy), alone or in combination {i.e. for heterodimer assays) under 
the control of a constitutive promoter {e.g., the S V 40, RS V or CMV promoter) is 
introduced by transfection (a procedure to introduce exogenous genes into cells) into a 
background cell substantially devoid of endogenous IRs. These introduced gene(s) 
direct the recipient cells to make the IR protein(s) of interest. A further gene is also 
introduced (co-transfected) into the same cells in conjunction with (he IR gene(s). This 
further gene, comprising the cDNA for a reporter protein, such as firefly luciferase 
(LUC), controlled by an appropriate hormone responsive promoter containing a 
hormone response element (HRE). This rq)orter plasmid functions as a reporter for the 
transcriptional-modulating activity of the target IR(s). Thus, the reporter acts as a 
surrogate for the products (mRNA then protein) normally expressed by a gene under 
control of the target receptor(s) and their native hormone(s). 
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The co.transfecti6n assay can detect small molecule agonists or antagonists 
includmgpartialagonistsandantagoni^oftarg^IRs. Exposi«g the ti^ected cells 
to an agonist ligand compound increases .tporter activity in the tonsfected cells. TTris 
activity can be conveniently measured, e.g., byiic^ing ludfemeim>ductic« and 
enz>anatic activity, which reflects con^«iKJKlcp«ident;m^ediatedincr^ 
reporter transcription. To detect antagomsts; th^bb-tnm^tfec*^ out in 

the presence of a constant concentration of an knbwn^nist to the t^et IR (e ^. 4. 
fC3,5,5,8,8-Pent*iethy^5A^«^^^ 
L,gaiidPharmaceutf.aIs.lncOfor^^^ 
Incre^ingconcentrAonsof^ anta^ 

JucxferasepKHluctibn). Ilie c6-6aisfeaon a^y fe^^^^ to detect 

agonists^dant^i,^ofspebifieIRs: Fu,^ehn««^ it deteni^es bdt orfly ^ 
c^pc>und interBc^ wift apam-cular IR. bu^ whether flnVinteri^.-c«^^cs (agonizes) 
orblocb(ah^gonizes)thaeflrec^^rf^^^^^ 

gene expression, as weD asithe spedficity and strength of this interadic^ 
lTieadi^>oftfaedim^.selecfiveRXR^^^^^ 

pies«,t mvcntion w«e evaluated ufiliziiig the cctransfectioh assay according to the 
foDoTiwng illustrative Exan^les. 

CV-1 ceBs (Afiicin greei, monkey fadriey fibroblasts) wde cultufed in the 
pi^enceofDulbecco'sModified EagleMedium pMEM) supplemented with 10-/. 
charcoal resin-str^ed ffetal bovine senm, then trari^fen«i to 96^well iicrotiter plates 
OTe day pnor to transfection. 

To detdmine agonist and antagonist activity of the modufetor con^unds of the 
presentinv«,tion,th.CV-I cellsweretrandentlylransf^^^ 

cqprecrprtation according to theprocedure ofBergcr ./a/.. 41 J. Steroid Biochem. l4ol 
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Bioly 733 (1992) with the receptor expressing plasmid pRShRXRa, Mangelsdorf et aL, 
345 Nature, 224 (1990), the disclosures of which are herein incorporated by reference at 
a concentration of 10 ng/well. The receptor expression plasmid was cotransfected along 
with a reporter plasmid at SO ng/well, the internal control plasmid pRS-B-Gal at SO 
ng/well and filler DNA , pGEM, at 90 ngAvcll. 

The reporter plasmid CRBPIITKLUC, which contains an RXRE (retinoid X 
receptor response element, as described in Mangelsdorf e/ a/., 66 Cell, 555 (1991), the 
disclosure of which is herein incorporated by reference, was used in transfections for 
the RXR homodimer assay. This reporter plasmid contains the cDNA for firefly 
luciferase (LUC) under the control of a promoter containing the RXR response element. 
As noted above, pRS-B-Gal, coding for constitutive expression of E. coli B- 
galactosidase (B-Gal), was included as an internal control for evaluation of transfection 
efficiency and compound toxicity. 

Six hours after transfection, media was removed and the cells were washed with 
phosphate-buffered saline (PBS). Media containing compounds of the present 
invention in concentrations ranging fi"om 10"*^ to 10"^ M were added to the cells. 
Similarly, the reference compounds all-/rait^.retinoic acid (ATRA)(Sigma Chemical), 
LGDl 069 (4-[(3,S,5,8,8-Pentamethyl-5,6,7,8-tetrahydro-2-naphthyl)ethenyl]ben2oic 
acid: Ligand Phanmaceuticals, Inc.) and LG100268 (6-[l-(3,5,5,8,8-pentamethyl- 
5,6,7,8-tetrahydronaphthalen-2-yl)cyclopropyl]nicotinic acid: Ligand Pharmaceuticals, 
Inc.), compounds with known agonist activity on RXRs, were added at similar 
concentrations to provide a reference point for analysis of the agonist activity of the 
compounds of the present invention. When determining the antagonist activity of the 
compounds of the present invention, the compounds were added to the cells in the 
presence of a fixed concentration (3.2 x 10"* M) of the known RXR agonist LGD1069 
(4-[(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydro-2-naphthyl)etheriyl]benzoicacid: Ligand 
Pharmaceuticals, Inc.). Retinoid purity was established as greater than 99% by reverse 
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Iw*niMd<maBiOT<*l(»OaimHBtedwoAstatioa 

^ AteW te^ fte cells washed with PBS. lysed with a detegent-bascd 
iufe and .s«)«l fel«c and MJa, actfWdes using a hmi,c»n««. or 

LUC response/B-Gal rate 

where B<M ,ate . IWM-I , I o'/B-Gaiinciibalida lime 
'*=-^™'=<™<brde™of1he=e«,{S^ 
Da« wese ploncd as U,e response of .he eon^ to ft. „fe«ce 

o«npo„pdsove.itepn8eofa,ed«.,«po^ 
«»n^un5ofa.;^emi5vend<^^ 

.hema»n,nn,^(Ee50)«.«^ A«aioni;.=dvi,ywasd«„nnn«1„ 

*iye?,te£tV,coneentt«i»f„snabK»ne™^ 
™p^offflep,«a./nve«iontei^^^^ 

*e«ft^.gonis..Was<p«tiM0Cto effidacy of anUgonisB was 

detemmed as a ftnrfm (%) of maximal inbibitiMi 

Examnle 2l»R. ipgi .„j p^B 

6. addidin. to Ae coOansfec««, d«a. d„ binding of selected compounds of «„ 

P«««mva«,onto««RAR,nd«™,ecep,o.wasa,soinvesdga^^ 

n.efl,od„togydescnT»dinM.F,Boehm.e,^.."S,™hesisandSnncnn^Activi«, 
Rd«io«hipsofNoveIRe«noidXRec^,o,Se]e«ivaRe>inoid*".37J:^«, 

2«0a»4);^^.Boehm.e,<^ynftesi.ofHighSp.cificA«.•vi.yt'H^^^ 
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Retinoic Acid and Its Application for Identifying Retinoids with Unusual Binding 
Properties", 37 J. Med. Chem,, 408 (1 994), and E. A. Allegretto, et al , "Characterization 
and Comparison of Hormone-Binding and Transactivation Properties of Retinoic Acid 
and Retinoid X Receptors Expressed in Mammalian Cells and Yeast*\ 268 7. Biol 
Chem., 2262S (1993), the disclosures of which are herein incorporated by reference. 

Non-specific binding was defined as that binding remaining in the presence of 
500 nM of the appropriate unlabelled compound. At the end of the incubation period, 
bound ligand was separated from free. The amount of bound tritiated retinoid was 
determined by liquid scintillation counting of an aliquot (700 |iL) of the supernatant 
fluid or the hydroxylapatite pellet. 

After correcting for non-specific binding, IC50 values were determiried. The 
IC50 value is defined as the concentration of competing ligand needed to reduce 
specific binding by 50%. The IC50 value was determined graphically from a log-logit 
plot of the data. The Ki values were determined by application of the Cheng-Prussof 
equation to the ICsQ values, the labeled ligand concentration and the K<1 of the labeled 
ligand 

The RXRa binding activity and agonist and antagonist activity in the RXRa 
homodimer cotransfection assay of selected compounds of the present invention are 
shown in Table 3 below. 
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Table 3: Activity in RXRa binding and RXRa homodimer cotransfectian assays of 
sdtScted^er-sel^velOT moduktor compounds 

'SC»andIC5ovaIuKwerenotcaIcu]ated(NQifefl5cacywas<10%. Values 





i RXRd 


1 lOT^aHoinbdimerCotraiisfection Assa>^ | 


^1 . No. 




1 Agonist 
1 £mcacy(%) 


1 Agonist ^ 
1 EC5o(nM) 


Agonist 
Efficacy (%) 


i Antagonist 1 
1 JCso (nM) 1 


/ ATRA 


1 53 


1 


919 . 


0 


1 NC 1 


f ^ L:GD1069 ' 


1 36 




r 76 


- : <y' 










V --- 15 . 


' • - • or 


NC; ! 






62 . j 


33.^... 


- ,7.... ... . .1 




1 L3 


13 , 1 


11 1 


14 


62 


^ 1 




I.J 1 


2 r 


NC 


90 1 


5 1 




0.9 ' p 


I 1 


NC 


92^ 


•■••■-•9 ■ -"^ ■ .1 






0 1 


' NC 















As c^^iB TabfeJ, all ofthe (fimer-sdecfive RXR modulator compouncb 
displayediag^^^bindingtol^^^ ConTpoundLl displayed agonist activity 
sinnlair^^^cacy andpoteiK:)^ to agonist LG] 00268. in the context of 

anRXRdyahomodimerinihe« Compound L2 acted as a partial 

agonist, dononstiating a^-fitanteiBBc^^^ and an antagonist 

Compounds L3. L4 and L5 displayed highly efficacious and potent antagonist activity 
withKttleornp agonist activity. Thus, compounds of the present invention display 
prop«ti« .ranging fion, lull agonists to partial agonists to foil antagonists in the context 
of RXR Inmodiineis. 
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Example 21 PC: RXR HctcrodiinerCo>trapsfection Assays 
The RXR modulator compounds of the present invention were, further tested for 
activity on RXR heterodimers with RARa, RARy or PPARy utilizing the cotransfection 
assay in CVrl cells as described in Example 21 OA. The RXRrRAR heterodimer 
cotransfection assays utilized the following expression plasmids and reporter plasmid: 
pRShRARa (10 ng/well, Giguere et al., 330 Nature. 624 (1987) the disclosure of which 
is herein incorporated by reference) or pRShRARy (10 ng/well, Ishikawa et aL^ 4 Mol. 
Endocrin,. 837 (1990) the disclosure of which is herein incorporated by reference) with 
A-MTV-LUC (50 ng/well, Hollenberg and Evans, 55 Cell, 899 (1988), the disclosure of 
which is herein incoiporated by reference) containing an RARE which is referred to as 
two copies of the TRE-palindromic response element described in Umesono et aL, 336 
Nature, 262 (1988), the disclosure of which is herein incoiporated by reference. For the 
RXR:PPARy heterodimer cotransfection assay, the RXRa receptor expression plasmid, 
pRShRXRa (10 ng/well), was cotransfected with the PPARy expression plasmid, 
pCKiVhPPARy (10 ng/well), and a reporter plasmid containing three copies of a PPARy 
response element (pPREA3-tk-LUC, 50 ng/well; Mukherjee et al 212 Joum. Biol. 
Chem.. 8071-8076 (1997) and references cited therein, the disclosures of which are 
herein incorporated by reference). 

Cotransfections were performed as described in Example 21 OA. For 
determination of agonist activity in the context of tfie RXRrRAR heterodimer or the 
RXR.PPARy heterodimer, media containing compounds of the present invention in 
concentrations ranging from 10'^° to 10'^ M were added to the cells. Similarly, the 
reference compounds 2X\-trans retinoic acid (ATRA)(Sigma Chemical) and TTNPB 
((E)-4-[2-(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthalenyl)-l-propenyl]benzoic 
acid: Hoffinan LaRoche, Inc.), known RAR agonist compounds, or BRL 49653, a 

compound with known agonist activity on PPARy, were added at similar concentrations 
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Table 4: Activity in RXRaiRAR heterddimer cotransfection assays of selected dimer- 
selective RXR modulator compounds of the present invention. Values 
represent mean of n>3 independent experiments. 





RXRa:kAR Heterodimer 




Cotransfection Assay 


Cnq>d. 


Agonist 


Antagonist 


No, 


Efficacy (%)" 


Efficacy (%)* 


ATRA 


100 




TTNFB 


115 




LGD1069 


33 


0 


LG100268 


6 


6 


LI 


21 


19 


L2 


6 


49 


L3 


5 


84 


L4 


2 


88 


L5 


5 


68 



^ Efficacy calculated relative to maximal repression (100%) in presence of 1 0 nM TTNPB. 



As shown in Table 4, whereas RXR agonists, such as LGD1069 and LG 100268 
by themselves, either weakly activate or are inactive on the RXR:RAR heterodimer, 
ATRA and the RAR selective activator TTNPB strongly transactivate this heterodimer. 
Compound LI of the present invention dispilayedi weak agonist activity alone. 
Compound L2, which displayed partial RXR agonist activity, was not active in the 
RXRrRAR assay. Compounds L3, L4 and L5 were also not active as RXRrRAR 
agonists. In fact, they displayed significant RXRrRAR antagonist activity as indicated 
by their efficacy in the antagonist assay. Thus, there appears to be a continuum of 
activities from the dimer-selective RXR modulator compounds of the present invention 
on the RXRrRAR heterodimer such that as the length of the carbon chain at the R^ 
position increases the RXRrRAR agonist activity tends to decrease and the RXRrRAR 
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antagonist activity tends to increase. 

iO««>dPMltUgaad. XJiew«.«„,.. w,35^ 771-774(1992). Toexa„,i„ea„ 

KHta.PARr.al,.tt,«Bmcr«fi^ectio„ assayasdescribed above was empiovtd 
Table J bdowd»w.ft, activiiyofiife^ coe^a^dofseb^ 
thepreseo. faventfoa in ,erms of agoniW or syne-ij, efficacy io RMtipARr 

U!D1 069 a.d U3I0026S ^ leaid al«K, i,daci iW^oirf 

10a»aWARrbcterodto=,as<l»saP^ARrHg«4flKal.£i&S^BW^ 

i. «idM«. whe. a„ RXR agoni* ™* «sttd combn«io^S:,ie h-ARy Baaod' 

Oj.syner^oK^X«»ysb„wed.ve„«^^.^^^^ 

iettMrnier assay, daodiq,I^.c<«tiDwmrf 

*«seo wifl.LCTJ«69 -rf USIWte. 15 is a partial a^nis, ,lo„e and shows 
«™«=r «»irily in combinaSoD wiBltbeCTAltr hgand. a>„,x»»Ja o and L4 w=« 
.n-y wcUy active al0De,-b« ftey were active in p^ee ofAe PPAXr ligand. 
Fmally, Coo^ ™, , ^ - 4clOCRa«.ARrI.«««Bm.r 

Other alone or m cbmbiflatidn the PPARy ligsaiL 
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Table 5: Activity in RXRa:PPARy heterodimer cotransfection assays of selected 

dimer-selective RXR modulator compounds of the present invention. Values 
represent mean of n>3 independent experiments. 





RXRa:PPAR)r Heterodimer 




Cotransfecdon Assay 


Cmpd. 


Agonist 


Synerg 


No. 


Efficacy (%)' 


Efficacy (%)* 


BRL49653 


100 




LGD1069 




64 


LG10P268 


59 


183 


LI 


59 


166 


L2 


14 


69 


L3 


6 


25 


L4 


3 


20 


L5 


4 


6 



' EfTtcacy calculated as maximal response relative to response of BRL 49653. 
' Efficacy calculatied as niaximal response in presence of 100 nM BRL relative to response of BRL alone. 

Thus, although all of the compounds of the present invention directly and 
specifically bind RXR, they manifest distinct properties in the RXR:RXR homodimer 
assay as compared to the RXRrRAR and RXR:PPARy heterodimer assays. The various 
RXR modulator compounds of the present invention have a range of activities when 
compared with each other and are truly dimer-seiective RXR modulators, such that their 
actual function as either agonist, partial agonist and/or antagonist change depending 
upon the RXR partner and whether the partner is bound by ligand. 
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Example 21 1 ; Evaliiation of Activiiy In Vivo 



In viHd misOtod: 

The auce were handled as described above fnr^/^ • ««en>L 
Purina 5001 . -'>«J above for db/db mice, exc^t that th^ were fed 
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Rexinoids that are full agonists at the RXR homodimer, such as LG 100268, are 
efficacious insulin sensitizers in rodent models of Type II Diabetes. However, such 
compounds raise triglycerides and suppress the thyroid hormone axis in these animals. 
On the other hand, fiill antagonists, such as L5, have no effect on glucose, triglycerides 
or the thyroid status in these same model systems. We have identified a specific subset 
of rexinoids that maintain the desirable insulin sensitizing activity and minimize both 
the suppression of the thyroid axis and triglyceride elevations (e.g., L3, L4, L6, L7, L8, 
L9, L13, L14, LlSy L16, LI 7, L18, L19). These compounds are heterodimer selective 
modulators of RXR activity. They bind to RXR with high affinity (Ki<20 nM) and 
produce potent activation of the RXR:PPARgamma heterodimer. This activation of 
PPARgamma in vitro is presumably a major determinant of the antidiabetic efficacy of 
the compounds in vivo. In addition, to minimize the undesirable increases in 
triglyceride levels and suppression of thyrpid hormone axis, the modulatore must not 
significantly activate the RXRrRAR heterodimer and must have substantial RXR:RAR 
antagonist activity. This requirement is clearly demonstrated by the two related 
compounds L2, L3. The striking in vitro characteristic for these two compounds is that 
L3 has twice the RXRrRAR antagonist activity as L2; this correlates with the 
distinction //i vivo where L2 suppresses thyroid hormone axis while L3 does not. 
Analogous results are obtained in normal Sprague Dawley rats where both T4 and TSH 
can be monitored. In this acute model these heterodimer selective RXR modulators 
suppress neither TSH nor T4, 

When administered to obese, insulin resistant db/db mice (100 mg/kg by daily 
oral gavage for 14 days) these heterodimer selective RXR modulators lower both 
plasma glucose and triglycerides. However, unlike either full agonists (e.g., LG 100268, 
LI) or partial agonists that exhibit some activity at the RXRrRAR heterodimer (e.g., 
L2), they do not substantially suppress total circulating levels of T4, or substantially 
increase triglycerides. 
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heterodimer'^d have greater than 50% RXR:RAR antagonists activity do not 
substantially raise triglycerides in the transgenic mouse model, consistent with their 
heterodimer selectivity. This effect is consistent with activation of PPARalpha, and in 
fact in vivo these compounds synergize with the weak PPARalpha agonist fenofibrate. 

Example 212; Evaluation of Teratogen icitv/ii Vivo 
Teratogenicity is conmiohly evaluiated by examination of fetuses obtained by 
cesarean section from pregnant mice dosed daily with test compound between gestation 
days 6-18. We have conducted a blinded study using time-mated female Crl:CD-l® 
(ICR)BR mice to evaluate potential developmental toxicity (teratogenicity) following 
administration of L6 at either 30 or 200 mg/kg-day by daily oral gavage for the 
specified 12 days of gestation. Each test group consisted of 7-8 pregnant females and 
produced approx. 100 live fetuses per test group. As a positive control, pregnant female 
- mice were treated with the retinoid LGl 00268 at a dose of either 30 mg/kg-day or 100 
mg/kg-day. Teratogenicity was observed in fetuses from mice treated with the 
LGl 00268 at both dosage groups. In contrast, no teratogenic effects were observed in 
fetuses from mice treated with L6. Compared to controls dosed with vehicle, no effects 
were observed on the number of Corpora lutea, implantation sites, live or dead fetuses, 
early or late resorptions, fetal weight or sex, gross external morphology or visceral 
morphology of the cranial region in fetuses from mice treated with L6 at either dose. 
The highest dose of L6 tested (200 mg/kg-day) is twice the dose required to produce 
maximum antidiabetic activity in db/db mice (100 mg/kg-day). 

While we have described a number of embodiments of this invention, it is 
apparent that our basic constructions may be altered to provide other embodiments 
which utilize the processes and products of this invention. Therefore it will be 
appreciated that the scope of this invention is to be defined by the appended claims, 
rather than by the specific embodiments which have been presented by way of example. 
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What is claimed is: 
1 . A conqwund having the structure: 



HO2C. 




or 




la 



whereiD 



R' is selected ffbnj the gh,i,pt>fhjaiiDge^^ 
haloalkyi, CrC, alkenyl. C^, haloaDceayl, C^, alkyny^ C^C, hdoallwl, and-C,- 
Q alkoxy. wherein said alkyi. haloalkyi, alkenyl. halaalkenyl. alkynyi, haJoalkyny^ and 
alkoxy groiqK may be optionaHy siibstituled; 

R'^dR^ are indqjendenfly selected fitMh the groiq> of hydros^ C,- 
QaB^^^CH^^ cycloalkyl. CrCe alkenyl, C^^, ha]oaIkenyL.C^"' 

alkyi. haloalkyl. cycloalkyl. alkenyl. haioalkenyl. alkjo^yl. haloaDcynyl, aryl. het«x,azyl. 
aDcoxy. aryloxy groups may be optionally substituted; 
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is selected from the group of hydrogen, CrCo alkyl, Ci-Ce haloalkyl, Cj-Cg 
cycloalkyl, C2-C6 alkenyl, C2-C6 haloalkenyl, C2-C6 alkynyl, Ca-Ce haloalkynyl, aryl, 
heteroaryl, d-Ce alkoxy, and aryloxy, wherein said alkyl, haloalkyl, cycloalkyl, 
alkenyl, haloalkenyl, alkynyl, haloalkynyl, aryl, heteroaryl, alkoxy, aryloxy groups may 
be optionally substituted; 

and R^ are independently selected from the group of hydrogen, F, CI, Br, I, 
CN, NH2, OH, SH, Ci-Q alkyl, C1-C6 haloalkyl, C2-C6 alkenyl, CpCe haloalkenyl, Ci- 
C6 alkoxy, and aryloxy wherein said alkyl, haloalkyl, alkenyl, haloalkenyl, alkoxy and 
aryloxy groups may be optionally substituted; or 

R^ and R^ taken together form a three- to eight-membered carbocyclic ring, a 
three- to eight-membered heterocyclic ring, an aryl group or a heteroaryl group, wherein 
said carbocyclic ring, heterocyclic ring, aryl and heteroaryl groups may be optionally 
substituted; 

R^ is selected from the group of C2-C6 alkyl, C2-C6 alkenyl, and C2-C6 haloalkyl, 
wherein said alkyl, alkenyl, and haloalkyl groups may be optionally substituted; 

R^ is selected from the group of hydrogen, F, CI, Br, I, CN, Ci-Ce alkyl, Ci-Ce 
haloalkyl, C2-C6 alkenyl, C2-C6 haloalkenyl, Ca-Ce alkynyl, Ci-Ce alkoxy, and aryloxy, 
wherein said alkyl, haloalkyl, alkenyl, haloalkenyl, alkynyl, alkoxy and aryloxy groups 
may be optionally substituted; 

R^ is selected from the group of hydrogen, F, CI, Br, I, methyl, and optionally 
substituted methyl; 

R^® and R" each independently is hydrogen or optionally substituted CrCe 
alkyl; or 

R*^ and R" taken together with nitrogen form an optionally substituted five- or 
six-membered heterocyclic ring; 

Y is selected from the group of NR*^, O and S; 
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R*^ is selected from fte group of hydrogen. optionaUy substituted Q-Cg alkyl, 
and optionaUy substituted C-Cfi haJoaDcyl; and 
phannaceutically acceptable salts thereof. 

2. A o^mpound according to claim 1. wherein R' is selected from the group of 
hydrogen, optionally substituted C.-Ca alkyl and optionally substituted C.-Ca haloaDcyl. 

3. Acon^uridac(»iaingtoclaim2,whereinR'ish^ 

4. A con^und acconiing to claim 2. wherein R^ is selected from the groi^ of 
hydrogen, optionally substituted Q-Ce alkyl and optionally substituted C,^ haloalkyL 

5. A compomidaccorfing to claim 4, wherem R3 is hydrogen. 

6. A compound acconfing to claim 4. wherein R« is selected from the group of 
hydrogen, optionaDy substituted C.-Q alkyl and optionally substituted C-Q haloalkyL 

7. A compound according to claim 6, wherein R» is hydrogen. 

8. Accmpoundacco^ 

9. A compound according to claim 8, xn^erein R» is hydrogen. 

10. A compound acconiing to claim 1, wherein 

R^ and R« each independently is selected from the group of hydrogen. F. CI. Br. 
I, and Ct<:, aDcyl wherein said alfcyl group may be optionally substituted; or 

R^ and R'' taken together foim a three- to eigfat-membered caAocyclic ring, a 
three, to dght-membercd heterocychc ring, an aryl group or a heteroaiyl group, wherein 
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said carbocyclic ring, heterocyclic ring, aryl and heteroaryl groups may be optionally 
substituted. 

11. A compound according to claim 1 0, wherein 

is optionally substituted C1-C4 alkyl and is hydrogen. 

12. A compound according to claim 10, wherein 

R^ and R^ taken together form a five- to six-membered carbocyclic ring, a five- 
to six-membered heterocyclic ring, an aryl group or a heteroaryl group, wherein said 
carbocyclic ring, heterocyclic ring, aryl and heteroaryl groups may be optionally 
substituted. 

13. A compoimd according to claim 1 0, wherein 

R^ is selected from the group of C2-C5 alkyl and C2-C3 haloalkyl, wherein said 
alkyl and haloalkyl groups may be optionally substituted. 

14. A compound according to claim 1 3, wherein R^ is an optionally substituted C2- 
C5 alkyl. 

15. A compound according to claim 1 3, wherein R^ is an optionally substituted C2- 
Cs haloalkyl. 

16. A compound according to claim 1, wherein 

R^andR^ are independently selected from the group of NR*^^', C\-Ce alkyl, 
C\'Ce haloalkyl, C3-C8 cycloalkyl, aryl, and heteroaryl, wherein said alkyl, haloalkyl, 
cycloalkyl, aryl and heteroaryl groups may be optionally substituted. 
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17. A compomKlacxordfog to claihn 16, wherein 

and ant ihdependratJy selected from the group of aryl, C -Cg alkyl and C, 
Ce haloaDcyl, wherein said aiyl, alkyl and haioalkyi grtups nay be opUohally 
substitiited. 



1 8; A coii^und acttoniing to claim 1 7, wheran 

R^ aifid R* each indqjendently is optionally substituted Ci -Q alkyl. 

19. A compound according to claim IS. wherein R^ is selected fiom the group of 
ethyl, i-prop>i /-but>1, and /-amyL 

20. A compoimd according to claim 1 6, wherein R* is selected fiom the group of 
NR'V, i-prc^yl, /-butyl, and /-amyL 

21. Acornpoimdaccordingtoclaiml, wherein 

is »ltfcted fit)m tiie groiqj of hydrogen, optionaHy substituted 
and optionally substituted C1-C3 halbalkyl; 

^' are indepCTdCTtly selected fi^ 

optionally substituted Ci-Ce alkyl, and optionally substituted C-Q haioalkyi; 

R^ and R* are indepaidently selected from the group of CrQ alkyl, Gi-Cs 

haioalkyi, Cs-Ce cycloaDcyl, aiyl, and heteroaryl, wherein said alkyl, haloaDcyl, 

cycloalkyl, aiyl and heteroaryl groups may be optionally substituted; 

R' is optionally substituted Ci-Cs alkyl; 

R' is opb'onally substi'tuted CrCs altyi; and 
R' is hydrogai, F, a, Br, or L 
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22. A compound according to claim 1, wherein 

is selected from the group of hydrogen, optionally substituted CrCa alkyl» 
and optionally substituted C1-C3 haloalkyl; 

R^, and R^ are independently selected from the group of hydrogen, 
optionally substituted CrQ alkyl, and optionally substituted Ci-Ce haloalkyl; 

R^ and R^ are independently selected from the group of C1-C4 alkyl, C1-C4 
haloalkyl, Cs-Ce cycloalkyl, aryl, and heteroaryl, wherein said alkyl, haloalkyl, 
cycloalkyl, aryl and heteroaryl groups may be optionally substituted; 

R^ is optionally substituted Ci-Ce alkyl; and 

R^ is optionally substituted C2-C5 haloalkyl; 

R^ is hydrogen, F, CI, Br, or I. 

23. A compound according to claim 1, wherein 
R\ R^ R^ and R^ are hydrogen; 

R^ and R^ are independently selected from the group of Cy-Ce alkyl, Ci-Ce 
haloalkyl, C3-C6 cycloalkyl, aryl and heteroaryl, wherein alkyl, haloalkyl, cycloalkyl, 
aryl and heteroaryl may be optionally substituted; 

R^ and R^ taken together form a five- to six-membered carbocyclic ring, a five- 
to six-membered heterocyclic ring, an aryl group or a heteroaryl group, wherein said 
carbocyclic ring, heterocyclic ring, aryl and heteroaryl groups may be optionally 
substituted; and 

R^ is an optionally substituted C2-C5 alkyl 

24. A compound according to claim 1, wherein 
R^ R^ R^ and R^ are hydrogen; 
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» six ^irl**" '"^ ' '^•'^ 

substituted; and r ^ 

is oj^onaBy substituted CKilialodkyi. 

tnglycerideJevds, / «»c 
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L25 L28 
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U8 L41 
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LSI L54 
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L64 L66 




L17 

L65 
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L78 




L15 

O 
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L82 L85 
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L94 L97 
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L16 




LI 7 




LIS 



U9 




and 




' acceptable cairier. 



I comprising 



M. diabetes. ol>«ity and cardiovascular disease comprising 
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administering to said individual a pharmaceutically effective amount of a compound 
according to any one of claims 1, 28 or 29. 

33. A method for treating an individual having a disease condition selected from the 
group of breast cancer, photoaging, acne, and psoriasis comprising administering to said 
individual a pharmaceutically effective amount of a compound according to any one of 
claims 1.28 or 29. 

34. A method for treating ah individual at risk for developing a disease condition 
selected from the group of syndrome X, NIDDM, diabetes, obesity and cardiovascular 
disease comprising administering to said individual a pharmaceutically effective 
amount of a compound according to any one of claims 1. 28 or 29. 

35. . A method for treating an individual at risk for developing a disease condition 
selected from the group of breast cancer, photoaging, acne, and psoriasis comprising 
administering to said individual a pharmaceutically effective amount of a compound 
according to any one of claims 1 , 28 or 29. 

36. A method for lowering blood glucose levels in an individual without 
substantially raising said individual's serum triglyceride levels comprising 
administering to said individual a pharmaceutically effective amount of a compound 
according to any one of claims 1;28 or 29. 

37. A method of claim 36 further comprising administering to said individual a 
PPARy agonist. 
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38. A method for increasing HDL choIesterolJevels and reducrngtrigl)^^^^ 
in an individuai comprising administering to said individual a phannaceutically 

effective amount of a con^wund accordihg to any one of claims 1. 28 or 29. 

39. A method for modulating lipid metebolisin in an indiWdiialcomprism^ 
administering to said individual a phamiaceutfcaliy effective amount of a compound 
according to any one of ciaims I , ^8 or 29. 

40. The method of claim 38 further comprising the admim-stration of a PPAR<x 

41: A method for modulating RXRJPAR heterodimer activity in an individuai 
comprising admiriisteHng to said indiw'aual a phahhaciiitically Iffertive atnount a 
conq)ound according to any one pfclaims 1,28 or 29. ' 

42. The method of claim 41 further comprising administaing to said individual a 
PPAR agonist 

43. A process for preparing a compound of structural formula 1: 
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1 



comprising the step of treating a coumarin intennediate of structural formula 4: 




(4) 
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With a reducing agent to form a diol of structuraJ fomula 7: 




whoTBin 



R' is selected fitan the group of hydrogen, F, CI. Br. I. C,<:, alkyl C,-C3 
haloalkyl. CK:3 aDcenyi. C^C, tamceayl, C^, aOo^yl. C.-G3 halo^yl. and C.- 
C3 aftoxy. wherem saidalkyl. haloalkyl. alkenyl, haloalkenyl. ^ynyi^ haloalkynyl. and 
alkoxy groups may be optib^ 

and are independently selected from the group of hydrogen, NR*»R" C,. 
Q alkyl. Q^:, haloalkyl. C3-Q cycloalfcyl. C^:, alkenyl. haioalk^yl. c^, 
alk3ajyl. CrC, haloalkynyl. ^ heteroaiyl, C.-Q aDcoxy. and aryloxy. wherein said 
alkyl. haloalkyl, cycloalkyl. alkdiyl. haloalkenyl. aUcynyl. haloalkjoiyl. a,^ heteroaryi, 
alkoxy, aryloxy gi-oi^s may be c^bonaily substituted; 

R^s selected fioni the group of hydrogen. C,-C« aUqrl. C.-Cs haloalkyl, CyC, 
cycloalkyl. aflcenyl. haloaflcenyl, alkynyl. haloalkjaiyl. aryl. 
heteroaryl. C-Q alkoxy. and aryloxy. wherein said alkyl. haloalkyl, cycloalkyl, 

alkenyl. haloalkenyl. alk>.yl. haloalkynyl. aryl. hetaoar^^^ 
be optionally substituted; 

R'andR«areindependentIyseIectedfiointhe^upofhydiogcn.F CI,Br I 
CN, NH. OH. SH. C-Q alkyl. C.-Q haloalkyl, alkenyl. C.-C, haloilkenyl.'c,- 

Q alkoxy. and aiyloxy wherein said alkyt haloalkyl. alkenyl, hdoalke^^ 
aiyloxy groups may be optionally substituted; or 

R^andR^ taken together form a three- to eight-membered cari>ocyclic ring, a 
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three- to eight-membered heterocyclic ring, an aryl group or a heteroaryl group, wherein 
said carbocyclic ring, heterocyclic ring, aryl and heteroaryl groups may be optionally 
substituted; 

is selected from the group of C2-C6 alkyl, C2-C6 alkenyl, and Ci-Ce haloalkyl, 
wherein said alkyl, alkenyl, and haloalkyl groups may be optionally substituted; 

is selected from the group of hydrogen, F, CI, Br, I, CN, CrCs alkyl, CrCe 
haloalkyl, C2-C6 alkenyl, C2-C6 haloalkenyl, C2-C6 alkynyl, Ci-Ce alkoxy, and aryloxy, 
wherein said alkyl, haloalkyl, alkenyl, haloalkenyl, alkynyl, alkoxy and aryloxy groups 
may be optionally substituted; 

is selected from the group .of hydrogen, F, CI, Br, I, methyl, and optionally 
substituted methyl; 

R*^ and R' ^ each independently is hydrogen or optionally substituted d-Q 
alkyl; or . 

R'® and R'* taken together with nitrogen form an optionally substituted five- or 
six-membered heterocyclic ring; and 

pharmaceutically acceptable salts thereof. 

44. A process according to claim 43 further comprising the steps of: 
. (a) selectively alkylating the phenol oxygen of the diol of structural formula 7 with 
. R'X in the presence of a base to form a primary allylic alcohol of structural fonnula 8: 
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(b) treating the allylic alcohol of structural fomiula 8 wi; 
aldehyde of stnictural formula 9: 



with aii oxidant to form an 




(9): 



(c) treating the aldehyde of stnictwal fonnula 
formula 10; 



9 with a phosphonate of structural 




OR~ 



- O 



to form an ester of fomiula 1-E: 
R'"'02C 



(10), - 
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and hydrolyzing the ester, 1-E; 
wherein: 

R'" and R"" each independently is alkyl or aryl; 
X is a halogen. 

45. A process according to claim 44 wherein R"' and R"" each independently is 
methyl, ethyl or i5o-propyl. 

46, A process for preparing a compound of structural formula 1 : 



HO2C 



i9 




(1) 



comprising the steps of: 

(a) treating alkoxyarylhalide 12 
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■ wherein: 

A is COOR'.or COP« wherein P8 is a protecting group; 
R and R' each bdependently is hydrogen or alkyl; 
X* and X** each independently is halogen; 

R' is selected from the group of hydrogen, F, CI, Br, J, C-Ca aIkyl, Ci-C3 
haJoalicyi. CrC3 aUcenyl, G2-C3 haloalkenyl. CrCj alkynyl, C2-C3. haloalkynyi, and Cr 
C3 alkoxy, wherein said alkyl. haloalkyl, alkenyl, haloalkenyl, alkynyl, haloalkynyi, and 
alkoxy groups may be optionally substituted; 

R^ and R* are independently selected from the;group of hydrogdi, NR'*r' Q- 
Q alkyl, C,-C6 haloalkyl, Cj-Cg cycloalkyl; Gr<:6 alkenyl, Cj-Cs haloalkenyl, Cz-Cg 
aJkyiayU Ci-Cs haloalkynyi, aiyl, heteroaiyi, C.-Gs alkoiy. and aryloxy, wherein said 
alkyl, haloalkyl, cycloalkyl, affiehyl, haloalkenyi, alkynyi. haloalkynyi, aiyl, heteioaiyl, 
alkoxy, aryloxy gioiq)S may be opdonally substituted; 

R*iiselecteaWm the*i^j^'of hydrogen. GrC* alkyl^ C-Cc haloalkyl. Ca-Q 
cycloalkyl. C2-C6 alkenyl. Cj-Ck haloalkenyl. d-Ce alkynyl. Cr-Q haloalkynyi. aryl. 
heteroaryl. Ci-Ce alkoxy. and aiyloxy, wherdh said ilkyl. haloalkyl, cycloalkyl, 
alkenyl. haloalkenyl, alkynyl, haloalkynyi. aryl. heteroaiyi. alkoxy. aryloxy groups may 
be optionally siibstituted; 

R* and R* are independently seiected from the group of hydrogen,. F, CI, Br, I, 
CN, NH2. OH, SH. C-Ce alkyl. C-Cs haloalkyl. Cz^:^ alkenyl. C.-Ce haloalkenyl, C,- 
Cs alkoxy, and aryloxy wherein said alkyl, haloalkyl, alkenyl,, haloalkenyl. alkoxy and 
aiyloxy groups may be optionally suljstinited; or 

R* and R* taken together form a three- to eight-membered carbocyclic ring, a 
three- 10 eight-membered heterocyclic ring, an aryl group or a heteroaryl group, wherein 
said carbocychc ring, heterocyclic ring, aiyl and heteroaryl groups may be optionally 
substituted; 

R' is selected from the group of Cz-C^ alkyl, Cj-Q alkenyl, and Cj-Cs haloalkyl. 
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wherein said aUcyl. alkenyj, and haloaUcyl groups may be optionally substituted; 

RSs selected from the group of hydrogen. F. a Br. 1, CN, C,-Ce Blkyl.'crQ 
haloaflcyl, CrQ alkenyl. C,-C, haloaDcenyl. C^Q aikynyl. C.-Q alkoxy. and Iryloxy. 
wherein said alkyt haloalkyl. aflcenyl. haloalkenyl, aikynyl. alkoxy. and aryloxy groupi 
may be optionally substituted; 

R' is selected from the group of bydrog4 F, CI. Br, I. methyl, and optionafly 
substituted methyl; 

R'" andR" each independenfly is hyd^gen or optionally substituted C.-Ce 
• aSkyl; or . 

R'" and R" taken together with nitrogen fonn an optionaUy substituted five- or 
six-membered heterocych'c ring and 

pharmaceuticallyaccgjtable salts thereof. 

47. AprocessfoVprq)aringacomppimd of thestriictuia] formula 1: 

>2< 




comprising the stqj of: 
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(a) treating a ketone of structural formula VI: 

O 




(VI) 



with a phosphonate of structural formula 10b: 



O O 
(R-OfeP 



d9 



OR" 

R« 

(10b) 

wherein: 

R"' and R*"' each independently is alkyl or aryl; 

R" is selected from the group of hydrogen, F, CI. Br, I, d-Ca alkyl, Ci-Cj 
haloalkyl, C2-C3 alkenyl, C2-C3 haloalkenyl, C2-C3 alkynyl, C2-C3 haloalkynyl, and Ci- 
C3 alkoxy. wherein said alkyl, haloalkyl, alkehyl, haloalkenyl, alkynyl. haloalkynyl, and 
alkoxy groups may be optionally substituted; 

R^ and R^ are independently selected from the group of hydrogen, NR^^R' Ci- 
Ce alkyl, Ci-Ce haloalkyl, Ca-Cg cycloalkyl, C2-C6 alkenyl. C2-C6 haloalkenyl, Cz^Ce 
alkynyl, C2-C6 haloalkynyl, aryl, heteroaryl, Ci-Ce alkoxy, and aryloxy, wherein said 
alkyl, haloalkyl, cycloalkyl, alkenyl, haloalkenyl, alkynyl, haloalkynyl, aryl, heteroaryl, 
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alkoxy, aiyloxy groups may be optionally substituted; 

is selected from the group of hydrogen, C.-Q alkyl, C.-Ce haloaikyl Q-C. 
cycloalkyl. alkenyl, haloalkenyl, alk>.y,, haloalk>^y; aryl 
heteroaiyl, C.-Q alkoxy, and aiyloxy. wherein said alkyl, haloaikyl. cycloalkyl 
aflcenyl. haloalkenyl, alkynyl, haloalkyny,, ao^l. heteroatyl. alkoxy. a^loxy groiips may 
be optionally substituted; 

and R' are independently selected from the group of hydrogen. F. CI Br I " 
CN, NH„ OH, SH, C,.Q alkyl. C.-C, haloaikyl, CH:, aflcenyl. C.-Q haloaIfce;,yI.'c,- 
Q alkoxy. and aryloxy wherein said %I. halbalkyl. alkenyl. haloalkenyl. alkoxy and 
. aryloxy groups may be optionally substituted; or 

R^ and R* taken together fonn a three- to eight-membered carbocyclic rang, a 
three- to eight-membered heterocychc ring, an aryl ^up or aheieroaryl group, wherein 

saad carbocychc ring, heterocychc ring, ao;i and heteroaryl groups may be opti^^^^^^ 
substituted; 

wlx«.„ alkyl alkenyl, ^na haloall^ ^ Siy be opfisiaS. SU^^ 

''«'«>«'«»*'f»i™pofh,dmge„.F.a.Br.I.CN.C,-C.aIkyl.C,.C. 
l^oalkyl C3^. aJk^yl. CKi haloaikc»yl CKi Ikynyl C^ aKoxy. and aryloxy 
wh«i. ^^^^ ^^^^ ^ ^ 

may be optionally substituted; 

^'•^«i«^ted from the group ofhydrogeniF. a, Br, I. methyl, and optionally 
substituted methyl; 

R'^andR'' each independently is hydrogen or optionally substituted C.-C. 
alkyl; or 

R'" and R" taken together with nitrogen form an optionally substituted five- or 
six-membered heterocyclic ring; 

and pharmaceutically acceptable salts thereof. 
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48. A process according to claim 47, wherein is F. 

49, A process for preparing a compound of structural formula lb: 




(I) 

with sodium azide to form a triazole of formula II: 
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wherein: 

R" is C-CsalkyI; 

. • ^''^'^^'^^^-rn the group of hy<irog^T,^C^^^^^ . 

alkoxy groups may be optfonally substituted; 

^^^' ^ "'^^d^'tly selected fion, the g^^^ 
, Q ailcyl. C.-Q haloaHcy,. C3-C» cycloal^, ^eny,. haloallcenyl. C.^ 
a^>.yl haloalkynyl. aryl. heteroaryl., c.-C. aDcoxy. and axyloxy. wherein said • 
;^^-^-^'.cycioaIky,.^eny^^^^^^ 

alkoxy. aiyloxygroupsmaybeoptionallysubstituted: 

is selected fron, the group of hydrogen, C,i. alley,. C.-Q haloallcyl C3-C, 
cycloalloi. C.^ aDcenyt C,-C« haloalkenyl. Q-C, allcynyl, C^:, haloalk>.y,. atyl 
hete^oaryl. C.-C, alkoxy. and axyloxy. wherein said aDcyl. haloaUcyl. cycloalky, ' 

be optionally substituted; ^ r j 

'''^«'««^S»n,'h<s,oupofC.^aM.Q.C.aace„y,;:3,«,C.Ciha.o,fty, 
•^u. ^ ^ atay,, and haloalky, „ay be optfonally ' 

R^„teodfiomU,eroupofl,ydn,ge^F.cl.Br,I.eN.C,<VaIlo-I.C,-Ci 
■".oaikyl. C-Q .Bcenrt ,a.03«ce,yl C,^. aUynyl, G,^ alkoxy. ^ ^J,, 
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wherein said alkyl, haloalkyl, alkenyl, haloalkenyl, alkynyl, alkoxy, and aryloxy groups 
may be optionally substituted; 

is selected from the group of hydrogen, F, CI, Br, I, methyl, and optionally 
substituted methyl; 

R^^ and R^ ' each independently is hydrogen or optionally substituted CrCe 
alkyl; or 

R^^ and R^^ taken together.with nitrogen form an optionally substituted five- or 
six-membered heterocyclic ring; and 

pharmaceutically acceptable salts thereof. 

A process for preparing a compound of the structural formula la: 



O 




la 

comprising the steps of: 
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(a) treadng an arylboronic acid of structural formula I: 




B(OH}2 



with a compound of structural formula XI: 




PCD 



to form a compound of structural formula H: 




wherein: 

X is Halogen; 

- R- a,e j,„„p ony,ro,^,r, a. Br. I C-C, alM. c,^, 

>ll»>!/groupsiraybeoplionallysubstinjted; 
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and are independently selected from the group of hydrogen, NR^*^R'\ Ci- 
C6 alkyl, CrCe haloalkyl, Cs-Cg cycloalkyl, C2-C6 alkenyl, C2-C6 haloalkenyl, C2-C6 
alkynyl, C2-C6 haloalkynyl, aryl, heteroaryl, CrCa alkoxy, and aryloxy, wherein said 
alkyl, haloalkyl, cycloalkyl, alkenyl, haloalkenyl, alkynyl, haloalkynyl, aryl, heteroaryl, 
alkoxy, aryloxy groups may be optionally substituted; 

R^ is selected from the group of hydrogen, Ci-Ce alkyl, Ci-Ce haloalkyl, Ca-Cg 
cycloalkyl, C2-C6 alkenyl, C2-C6 haloalkenyl, C2-C6 alkynyl, Ci-Ce haloalkynyl. aryl, 
heteroaryl, Ci-C^ alkoxy, and aryloxy, wherein said alkyl, haloalkyl, cycloalkyl, 
alkenyl, haloalkenyl, alkynyl, haloalkynyl, aryl, heteroaryl, alkoxy, aryloxy groups may 
be optionally substituted; 

R^ and R^ are independently selected from the group of hydrogen, F, CI, Br, I, 
CN, NH2, OH, SH, CrCe alkyl, Ci-Ce haloalkyl, C2-C6 alkenyl, Ci-Ce haloalkenyl, d- 
C6 alkoxy, and aryloxy wherein said alkyl, haloalkyl, alkenyl, haloalkenyl, alkoxy and - 
aryloxy groups may be optionally substituted; or 

R^ and R^ taken together form a three- to eight-membered carbocyclic ring, a 
three- to eight-membered heterocyclic ring, an aryl group or a heteroaryl group, wherein 
said carbocyclic ring, heterocyclic ring, aryl and heteroaryl groups may be optionally 
substituted; 

R^ is selected from the group of C2-C6 alkyl, C2-C6 alkenyl, and C2-'C6 haloalkyl, 
wherein said alkyl, alkenyl, and haloalkyl groups may be optionally substituted; 

R^ is selected from the group of hydrogen, F, CI, Br, I, CN. CrC6 alkyl, d-Ce 
haloalkyl, C2-C6 alkenyl, C2-C6 haloalkenyl, C2-C6 alkynyl, Ci-Ce alkoxy, and aryloxy, 
wherein said alkyl, haloalkyl, alkenyl, haloalkenyl, alkynyl, alkoxy, and aryloxy groups 
may be optionally substituted; 

R^ is selected from the group of hydrogen, F, CI, Br, I, methyl, and optionally 
substituted methyl; 

R'^ and R'' each independently is hydrogen or optionally substituted Ci-Cs 
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alkyi; or 

R'^ and taken together with nitrogen fonn an optionally substituted five, or 
six-membered heterocyclic ling; 

Y is selected from the group of NR'^ O and S; 

R" is selected from the group of hydrogen, optionally substituted C.-Qalkyi. 
and optionally substituted C-Cs haloalkyl; and 
phannaceutically accqjtable sahs thereof. 

50. A process according to claim 50, wherein Y is NR'-. 
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